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Mutant Protein and R efoldinp; Method 

Field of the Invention 

5 

The present invention relates to mutants of FrpB - an outer membrane protein of Neisseria 
memnfftidis organisms, to a method of refolding FrpB proteins, to such refolded proteins, 
pharmaceutical compositions comprising FrpB proteins, and flieir use in tiie treatment, 
prevention and diagnosis of bacterial infections, such as Neisserial infections, and 
10 particularly, but not exclusively. Neisseria meningitidis and/or Neisseria gonorrhoeae. 

Background of the Invention 

Neisserial strains of bacteria are the causative agents for a nvmiber of himian pathologies, 
1 5 against which there is a need for effective vaccines to be developed. In particular 

Neisseria gonorrhoeae and Neisseria meningitidis cause pathologies which could be 
treated by vaccination. . 

Neisseria gonorrhoeae is the etiologic agent of gonorrhea, one of the most frequently 
20 reported sexually transmitted diseases in the world with an estimated annual incidence of 
62 million cases (Gerbase et al 1998 Lancet 351; (Suppl 3) 2-4). The clinical 
manifestations of gonorrhea include inflammation of the mucus membranes of the 
urogenital tract, throat or rectum and neonatal eye infections. Ascending gonococcal 
infections in women can lead to infertility, ectopic pregnancy, chronic pelvic 
25 inflammatory disease and tubo-ovarian abscess formation. Septicemia, arthritis, 
endocarditis and meningitis are associated with complicated gonorrhea. 

The high number of gonococcal strains with resistance to antibiotics contributes to 
increased morbidity and complications associated vsdth gonorrhea. An attractive 
30 alternative to treatment of gonorrhea with antibiotics would be its prevention using 
vaccination. No vaccine currentiy exists for N. gonorrhoeae infections. 

Neisseria meningitidis (meningococcus) is a Gram-negative bacterium frequentiy isolated 
from the human upper respiratory tract It occasionally causes invasive bacterial diseases such 
35 as bacteremia and meningitis. Most caes of disease are in infants or yomgcUldre The 
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incidence of meningococcal disease shows geographical seasonal and annual differmces 
(Schwartz, B., Moore, P.S., Broome, C.V.; Clin. Microbiol. Rev. 2 (Supplement), S18-S24, 
1989). Most disease in temperate countries is due to strains of serogroup B and varies in 
incidence from 1-10/100,000/year total population sometimes reaching higher values 
5 (Kaczmarski, E.B. (1997), Commun. Dis. Rep. Rev. 7: R55-9, 1995; Scholten, RJ.P.M.. 
Bijlmer, HA., Poolman, J.T. et al. Clin. Infect Dis. 16: 237-246, 1993; Cruz. C, Pavez, G., 
Aguilar, B., et al. Epidemiol. Meet 105: 1 19-126, 1990). 

Epidemics dominated by serogroup A meningococci, mosUy in central Africa, are 
1 0 encountered, sometimes reaching levels up to 1000/100.000/year (Schwartz, B., Moore, P.S., 
Broome, C.V. Clin. NficroWol. Rev. 2 (Supplement). S18-S24, 1989). Nearly all cases as a 
whole of meningococcal disease are caused by serogroup A, B, C, W-135 and Y meningococci 
and a tetravalent A, C, W-135, Y polysacdiaride vaccine is available (Aimand, J., Arminjon, 
F., Mynard, M.C., Lafebc. C, J. Biol. Stand. 10: 335-339. 1982). 

15 

The fi«quency of Neisseria meningitidis infections has risen dnimatically in die past few 
decades. This has been attributed to the emergence of multiply antibiotic resistant strains and 
an increasing population ofpeople with weakraedhnmune systems. It isnolongra: 
uncommon to isolate Neisseria meningitidis strains that are resistant to some or all of the 
20 standard antibiotics. This phenomenon has created an unmet medical need and demand for 
new anti-microbial agents, vaccines, drug screening methods, and diagnostic tests for tins 
organism. 

Van der Ley et al (1996) Microbiology 142:3269-3274 reports that tiiere is at present no 
25 vaccine available against group B organisms, which are tiie predominant cause of 

meningococcal disease. The use of the group B capsular polysaccharide as a vaccine has 
been hindered by the presence of identical structures on neural cell adhesion molecules in 
tiie human host raising tiie possibility of inducing autoimmune patiiology witii such a 
vaccine. It has been proposed to use vaccines based on meningococcal outer membrane 

30 proteins. However, it has been found tiiat a large proportion of the protective antibodies 
mduced are strain specific. In addition, not all outer membrane components contribute to 
die induction of bactericidal antibodies. The FrpB protein from Neisseria is an iron- 
regulated outer membrane protein that shows die characteristics of a TonB-dependent 
outer membrane receptor. It has a molecule weight of around 77kDa; altiiough tiiis may 

35 vary between strains. It has been tiiought fhat tiw FrpB protein may be a good candidate 
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for the production of bactericidal antibodies. However Ala'Aldeen et al (1994) Vaccine 
12:535 found that monoclonal antibodies (mAbs) isolated against wild-type FipB were 
found to be strain specific. 

6 It has also been envisaged that recombinant FrpB expressed in cells could be produced for 
use in such new anti-microbial agents, vaccines, drug screening methods, and diagnostic 
tests. However, one of the major limitations on the expression of proteins is the inability of 
many recombinant proteins to fold into their biologically active conformations. Often only 
low yields of the recombinant protein are obtained due to aggregation dnd mis-folding oif flie 
1 0 unfolded species. Indeed, protein refolding, in which the protein acquires it native and active 
structure, is one of the big^st diaUenges in molecular biology. 

Clearly, the need tiierefore remains to provide a vaccine against Neisseria disease 
comprising purified jnotective outer membrane proteins including mutant piotems in a 
1 6 refolded conformation suitable to elicit an effective unmune response, preferably a cross- 
' protective response. 

Summary of the Invention 

20 The jsesent invoition provides a mutant FrpB proteins, more particularly loop-deletion 
mutants, which may induce broad-spectrum bactericidal antibodies. 

The present invoition also provides a method for refolding tiie FrpB protem, including both 
mutants and wild-type. 
25 The present invention also relates to such refolded FrpB proteins. 

The present invention also provides methods for using the proteins of the present invention, 
including thek use in the prevention and treatment of microbial diseases, amongst others, in 
e.g. subunit and outer membrane vesicle vaccines. In a further aspect, the invention relates to 
30 diagnostic assays for detecting diseases associated witii microbial infections and conditions 
associated with such infections. 
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According to one aspect of the present invaition tiiere is provided an FrpB protein 
having one or more deletions of non-conserved amino acids compared to a 
corresponding wild-type FrpB protein. These proteins of the present invention are 
referred to generally as "mutant" proteins. The term "deletion" as used herein 

5 includes the substitution, replacement or mutation of one or more of the non- 
conserved amino acids. The substituted sequence may or may not be the same size as 
the sequence it replaces. By "non-conserved" amino acids we mclude amino acids 
present in a wild-type FrpB protein from a first strain, but which may not be present in 
a wild-type FrpB protem &om a second strain. The proteins of the present invention 

10 are isolated protems. By "isolated" we include proteins Hist have been removed from 
their natural state or otherwise subjected to human intervention. 

The present invention is therefore broadly directed to proteins having conserved 
amino acids of FrpB proteins. 

15 

Preferably the FrpB protein is one in which one or more of the amino acids of at least 
one of its loops has been deleted. 

Preferably &e mutant protein according to this mvention is non-strain-specific, cross- 
20 reactive, and/or cross-protective. By "strain-specific" we include the generation of an 

immune response which is directed to, or at least predominantly directed to, an 

autologous N. meningitidis strain. By "cross-reactive" we include the generadon of an 

unmune response directed to one or more heterologous Neisserial, preferably N. 

meningitidis, strains. By "cross-protective" we mclude the generation of an immune 
25 response providing protection against infection by one of more heterologous 

Neisserial, preferably N. meningitidis, strains. Preferably die protein of die present 

invention is conformationally stable. 

Preferably the protein is one in which one or more of the amino acids of at least 2 
30 loops have been deleted. The loops may be determined by sequence comparison. 

Preferably the protein is one in which one or more of the amino acids of loop 7 and/or 
5 have been deleted. According to a particular preferred anbodiment the deletions 
are from loop 7. In another preferred embodiment the deletions are fix>m loop 7 and 
loop 5. Loops 5 and 7 have been identified as being regions of FrpB proteins having 



P14g90GB 




relatively high frequencies of non-conserved amino acids. The nximbering of the 
FrpB surface loops follows the numbering system used by Pettersson et al (1995) 
Infect, hnmunology 63:4181-4184 (Figure 6); however corresponding deletions made 
be made according to other models which are or become available. It will be 
5 appreciated that corresponding deletions may be determined using sequence 
comparison methods. 

The protein may also have one or more amino acid deletions from any one or more of 
loops 1, 2, 4, 6, 8, 9, 10, 1 1, 12 and 13 (or the corresponding loops according to any 
10 other topological model); although the present invention preferably comprises one or 
more of these more constant regions of an FrpB protein. 

In one embodiment the protein is one in which 1 1 to 33 amino acids have been 
deleted from loop 7, more preferably 23-33 amino acids, even more preferably 28 
1 5 amino acids have been deleted from loop 7. 

In another embodiment the protein is one in which 1 8-29 amino acids have been 
deleted from loop 5, more preferably 19-29 anuno acids, even more preferably 24 
amino acids have been deleted from loop S. 

20 

In one embodiment there is provided a protein in which, with reference to FrpB strain 
H44/76, the amino acid deletion is made in the range of amino acids 376-413, more 
preferably 381-408, or a corresponding deletion made, from loop 7. 

25 In a preferred embodiment there is provided a protein in which, with reference to 
FrpB strain H44/76, an amino acid sequence comprising 

TTEEKNGQKVDKJ>MEQQMKJ3RADEDTVH has been deleted, or a corres^^ 
deletion made, from loop 7. 



30 



In a preferred embodiment there is provided a protein in vsdiich, with reference to 
FrpB strain H44/76, the amino acid deletion is made in the range of amino acids 247- 
280, more preferably 252-275, or a corre^onding deletion made, from loop 5. 
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In a further preferred embodiment there is provided a protein in which, with reference 
to FrpB strain H44/76, an amino acid sequence comprising 

QHRGIRTVREEFTVGDKSSRINID has been deleted, or a corresponding deletion 
made, from loop 5. 

5 

The present invention also provides a polynucleotide encoding the mutant protein of the 
present invention. 

According to another aspect of the present invention there is provided an e?q>ression 
1 0 vector comprising the polynucleotide of the present invention. 

According to another aspect of the present invention there is provided a host cell 
comprising the polynucleotide of the present invention. 

1 5 Accordmg to anotho: aspect of the present invention there is provided a mettiod for 

producing the mutant protem of the present invention ccnnprising: culturing &e host cell 
of the invention, and recovering tiiie expressed protein. 

According to another aspect of the present mvention there is provided a method for 
20 refolding an FrpB protein (includmg both mutant and wUd-type) comprismg contacting 
the FrpB protein witii an alkaline refolding buffer comfHising 3- 
dimethyldodecylammoniopropanesulfonate ^wittergent 3-12 or SB-12). 

In one embodiment the refolding buffer comprises ethanolamme and SB-12. 

25 

Preferably the ethanolamme is about 20mM ethanolamine. 
Preferably the refolding buffer has pHl 1 . 

30 Preferably the SB-12 is 0.2-1% SB-12 more preferably 0.3-0.8% SB-12, even more 
preferably 0.5% SB-12. 

In a preferred embodiment the refolding buffer further comprises urea, NaCl (such as 
0.4M NaCl) and/or guanidium chloride, more preferably guandinium chloride, most 
35 preferably 0.4M guanidium chloride. 
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According to another aspect of the present invention there is provided a method 
comprising the foUowmg steps: 
optionally expressing an FrpB protein m a host cell; 
5 optionally breaking the host cell to obtain an inclusion body comprising the FipB protein; 
optionally washing the inclusion body; 

optionally solubilisation of at least part of the inclusion body and the FrpB protein; 
contacting the solubilised FrpB protein with the refolding buffer; and 
optionally removing the refoldmg buffer from the FrpB protein. 

; 10 

According to another aspect of the present invention there is provided refolding buffer 
comprising ethanolamine, SB-12 and guanidium chloride (in the concentrations 
mentioned above) for use in the method of the present invention. 

1 5 Accordmg to another aspect of the present invention there is provided an isolated, 

refolded FrpB protem (including a mutant protein) obtained or obtainable by the method 
of the present invention. 

According to another a^ect of the present mvention there is provided a pharmaceutical 
20 composition comprising at least one FrpB protein of the present invention, and a 
pharmaceutically acceptable carrier. 

Preferably at least 30%, 50%, 70%, or 90% of the FipB protein present in flie 
composition is refolded. 

25 

Preferably the composition is in the form of a vaccine. 

In one embodiment the pharmaceutical composition comprises a refolded FrpB protein 
derived from Neisseria meningitidis. 

30 

In another embodiment the pharmaceutical composition comprises a refolded FrpB 
protein derived from Neisseria gonorrhpeae. 

Preferably the pharmaceutical composition comprises at least one other Neisserial 
35 antigen. 

BEST AVAILABLE COPY 
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In one embodiment the phannaceutical composition comprises at least one other 
Neisserial antigen derived from Neisseria gonorrhoeae. 

In another embodiment the pharmaceutical composition comprises at least one other 
Neisserial antigen derived from Neisseria meningitidis. 

In one embodiment the phannaceutical composition is in the form of a subunit 
composition; atthough it may be admixed with an outer membrane vesicle preparation. 

In another embodiment the pharmaceutical composition is in tiie form of an outer 
membrane vesicle preparation; although it may be mixed with a subunit composition. 

Preferably the phannaceutical composition fiarther comprises at least one other Neisserial 
1 5 antigen (or a fragment thereof) selected from one or more of the following classes: 

a) at least one Neisserial adhesin selected from the group consisting of FhaB, Hsf and 
NadA; 

b) at least one Neisserial autotransporter selected from the group consisting of Hsf, and 
Hap; 

20 c) at least one Neisserial toxin selected from the group consisting of FrpA, FrpC, and 
either or both of LPS inmiunotype L2 and LPS inomunotype L3; 

d) at least one Neisserial Fe acquisition protein selected from the group consisting of 

TbpA, TbpB, LbpA and LbpB; and 

e) at least one Neisserial outer membrane protein selected from the group consisting of 
25 PldA,NspA,TspA,TspB,PilQandOMP85. 

Preferably the pharmaceutical composition fiirther comprises bacterial capsular 
polysaccharides. The capsular polysaccharides may be derived from bacteria selected 
from the group consisting of Neisseria meningitidis serogroup A, C, Y, and/or W-135, 
30 Haemophilus influenzae h. Streptococcus pneumoniae. Group A Streptococci, Group B 
Streptococci, Staphylococcus aureus and Staphylococcus epidermidis. 

According to another aspect of tiie present invention tiiere is provided use of an FrpB 
protein of the present invention (or a pharmaceutical composition of tiie present invention) 
35 in the preparation of a medicament for use in generating an inunune response in an animal. 
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Preferably the use is in the preparation of a medicament for treatment of prevention of 
Neisserial infection. In one embodiment Neisseria meningitidis infection is prevented or 
treated. In another embodiment Neisseria gonorrhoeae infection is prevented or treated. 

5 

According to another aspect of the present invention there is provided an antibody 
hrmunospecific for the FipB protein of the present invention. 

Accordmg to another aspect of the present invention there is provided a pharmaceutical 
1 0 composition useful in treating humans with a Neisserial disease comprising at least one 
antibody of the present invention and a suitable pharmaceutical carrier. 

According to yet another aspect of the present mvention there is provided use of the 
antibo(fy of the present invention (or composition comprising it) in the manu&ctuie of a 
1 5 medicament for the treatment or prevention of Neisserial disease. In one embodunent 

Neisseria meningitidis infection is prevented or treated. In another embodiment Neisseria 
gonorrhoeae infection is prevented or treated. 

According to a further aspect of the present invention there is provided a method of diagnosing 
20 a Neisserial infection, comprising identifying an FipB protein, or an antibocfy as of the present 
invention, present within a biological sample from an animal suspected of having such an 
infection. In one embodiment iVe£9i^^/ameiii/igi/i^£s infection is diag^ In another 
exisAyodimexA Neisseria gonorrhoeae infection is diagndsed. 

25 Detailed Description 

Various prefened features and embodiments of the present invention will now be described 
by way of non-limitmg example witii reference to the accompanying drawing in which: 

30 Figure 1 shows tiie amino acid and nucleotide sequences of FrpB strain H44/76; 

Figure 2 shows the ammo acid and nucleotide sequences of FrpB strain FA19; 

Figure 3 shows the amino acid and nucleotide sequences of FipB strain 2996; 

Figure 4 shows the amino acid and nucleotide sequences of FrpB strain 892257; 

Figure 5 shows sequence comparison of the mature FrpB protein from Neisseria 
35 gonorrhoeae strain FA19 and Neisseria meningitidis strains 892257, 2996, and H44/76; 
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Figure 6 shows the topology of FrpB strain H44/76 in the outer membrane according to the 
model of Pettersson et al (1995) Infect Immunology 63:4181-4184; 
Figure 7 shows sequence comparison of loop 7 re^on FrpB firom eigjit different 
meningococcal strains. The H44/76 strain is used as the reference; and 
5 Figure 8 shows a gel demonstrating in vitro folding of urea-denatured FrpB, FrpBA28 
andFipBA7A5. 

Although in general the techniques mentioned hraein are well known in the art, reference 
may be made in particular to Sambrook et a/., Molecular Cloning, A Laboratory Manual 
1 0 (1989) and Ausubel et al.. Short Protocols in Molecular Biology (1999) 4* Ed, John 
Wiley & Sons, Inc (as well as the complete version Current Protocols in Molecular 
Biology). 



FrpB protein 

15 

FrpB is the most abundant iron-limitation-inducible outer-membrane protdn of 
Neisseria meningitidis. Thus, as used herein, the term "FipB" includes Fe-regulated 
protein B and generally encompasses any protein having an amino acid sequence 
identical, or substantially identical, to the amino acid sequence of wild-type (also 
20 known as naturally occurring) FrpB. Further detaUs on FrpB can be found in US 

6,265,567. "FrpB" and "FrpB protein" as used interchangeably herein. FrpB is also be 
known as FetA. As used herein the term "protein" includes the term "polypeptide". The 
present invention relates to mutant forms of the FrpB protein, as well as refolded FrpB 
protein, which refolded protein may or may not be the mutant form. When the refolded 
25 protein is derived from the wild-type protein it is prefisrably an isolated, refolded FrpB 
protdn. By "isolated" we mean that the FrpB protein is free from other proteins with 
which it is normal associated. The refolded FrpB protein is preferably a recombinant 
protein. By "recombinant" we mean that the protein has been obtained usmg the 
appUcation of molecular biology. However the refolding method is also applicable to 
30 natural or synthetic proteins which require refolding. 

The present invention provides mutant FrpB proteins. The term "mutant" in relation to 
the amino acid sequences of the present invention includes any substitution o^ variation 
of, modification of, replacement of, deletion of or addition of one (or more) amino adds 
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from or to the FrpB sequence providing the resniltant amino acid sequence preferably is 
capable of raising antibodies ^^ch recognise an FrpB protein (if necessary when 
coupled to a carrier). For ease of reference this is referred to as deletion of one (or more) 
amino acids. The protein is mutated in the sense that it is varied from the corresponding 
wild-type FrpB sequence, preferably such that the inmiune response is directed to non- 
varied surfece loops. Thus, the sequence may also be deleted in the sense &at it is 
replaced by non-natural sequence, preferably such that the immune response is directed 
to non-varied surface loops. In one embodiment fbs sequence is replaced witii conserved 
sequence from another or^nism. 

According to a preferred embodiment of the present invention at least part of one of 
the surface exposed loops of FrpB protein is deleted. In a preferred embodiment, loop 
7 and/or loop 5 is deleted, preferably loop 7, more preferred a double mutant is 
generated. These preferred deletions will now be described for ease of reference to 
Neisseria meningitidis strain H44/76. However corresponding deletions can be made 
in any Neisseria meningitidis strain, and indeed any Neisserial organism or strain, 
such as for example Neisseria gonorrhoeae. Such corresponding deletions can be 
determined using sequence comparison as exemplified in Figures 5 and 7. 

For ease we refer herein to the topological model of Pettersson; however, it will be 
appreciated that we could equally well refer to any other model. 

As mentioned above according to a preferred embodiment the mutant comprises a 
deletion in loop 7. According to this embodiment (with reference to FrpB strain 
H44/76) in the range of 24 to 33 amino acids are deleted from loop 7, Preferably this 
deletion is made in the range of amino acids 376-413. 

In a particularly preferred embodiment, about 28 amino acids are deleted from loop 7. 
This the amino acid deletion is preferably made in the range of amino acids 381-408. 
Thus preferably an amino acid sequence comprising the sequence 
TTEEKNGQKVDKPMEQQMKDRADBDTVH is deleted from loop 7. 
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With regard to deletions in respect of loop 5, ( with reference to FrpB strain H44/76) 
in the range of 19 to 29 amino acids are deleted from loop 5. Preferably these 
deletions are made in the range of ammo acids 247-280. 

5 In a particularly preferred embodiment about 24 amino acids are deleted from loop 5. 
Preferably this amino acid deletion is made in the range of amino acids 252-275. 
Thus, preferably an amino acid sequence comprising the sequence 
QHRGIRTVREEFTVGDKSSRINID is deleted from loop 5. 

10 As mentioned above corresponding deletions can easily be determined. By way of 
example, such corresponding deletions will now be discussed in relation to Neisseria 
gonorrhoeae strain FA19 and Neisseria meningitidis strains 892257 and 2996. 
However the invention may be appUcable to any FrpB protein which is or becomes 
available. 

15 

'V^^th reference to FrpB strain FA19 preferably in the range of 11 to 21 amino acids 
are deleted from loop 7. This amino acid deletion may be made in the range of amino 
acids 381-406. 

20 Preferably, with reference to FrpB strain FA19, about 16 amino acids are deleted from 
loop 7. This amino acid deletion is preferably made in the range of ammo adds 386- 
401 . Thus, an amino acid sequence comprising the sequence 
TNBEKKKNRENEKIAK may be deleted from loop 7. 

25 With reference to FrpB strain FAl 9 preferably in the range of 19 to 29 amino acids 
are deleted from loop 5. This amino acid deletion is preferably made in the range of 
amino acids 247-280. 

Preferably with reference to FrpB strain FA19 about 24 amino acids are deleted from 
30 loop 5. This amino add deletion is preferably made in the range of amino acids 252- 
275. Thus, an amino add sequence conqnising the sequence 
QHRGDRTVRBEFAVSEKNSRITIK may be deleted fi»m loop 5. 
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Preferably, with reference to FipB strain 2996, in the range of 18 to 28 amino acids 
are deleted from loop 7. This amino acid deletion may be made in the range of amino 
acids 358-390. 

5 Preferably 23 amino acids are deleted from loop 7. This amino acid deletion n»y be 
made in the range of amino acids 363-385. Thus, an amino acid sequence comprising 
the sequence NGQDVAKPADQQAKDRKDEALVH may be deleted from loop 7. 

With reference to FrpB strain 2996 preferably m the range of 1 8 to 28 amino acids are 
1 0 deleted from loop 5. This amino acid deletion may be made in the range of amino 
acids 225-257. 

Preferably about 23 amino acids are deleted from loop 5. This amino acid deletion 
may be made in the range of amino acids,230-252. Thus, an amino acid sequence 
1 6 comprising the sequence QHRGIRTVGEEFTVTNNSRli)LD may be deleted from 
loop 5. 

With reference to FrpB strain 892257 preferably in the range of 11 to 21 amino acids 
are deleted from loop 7. TWs amino acid deletion is made in tite range of amino acids 
20 360-385. 

Preferably about 16 amino acids are deleted from loop 7. This amino add deletion 
may be made in the ranjge of amino acids 365-380. Thus, an amino acid sequence 
comprising the sequence TDEEK^OasiRENEKIAK may be deleted from loop 7. 

25 

With reference to FrpB strain 892257 preferably in the range of 19 to 29 amino acids 
are deleted from loop 5. This amino acid deletion may be made in the range of amino 
acids 226-259. 

30 Preferably 24 amino acids are deleted from loop 5. This amino acid deletion may be 
made in the range of amino acids 231-259. Thus, an amino acid sequence comprising 
the sequence QHRGIRTVREBFTVGAKDSRINIK may be deleted from loop 5. 
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As indicated above at least some amino acids from at least one of the sur&ce loops of the 
FrpB protein may be replaced by non-natural, i.e. heterologous sequence. It will also be 
appreciated that shufQing of regions between FrpB proteins of different Neisserial strains 
is possible. Preferably such replacement sequence is from another bacterial outer 
5 membrane protein. It is preferred that such replacement sequences are conserved, i.e. 

able to generate an immune response against more than one stram of a bacterial organism. 
In one embodiment the replacement sequence is also derived from Neisserial outer 
membrane proteins, such as Neisseria gonorrhoeae or Neisseria meningitidis. An 
example of such a suitable outer membrane protein is given in US 5,912,336 which 
1 0 describes another Nessierial iron regulated protein, designated TbpA. Replacement 

sequence could conveniently be derived from any one or more of loops 2, 3, 4 and 5 of 
TbpA. These loops correspond generaUy to amino adds 226-309; 348-395; 438-471; and 
5 12-576 of TbpA respectively. Another example of such a suitable outrar membrane 
protein is given in WOOl/55 1 82, which describes the NhhA surfiice antigen from 
15 Neisseria meningitidis. Replacement sequence could conveniently be derived from one 
or more constant regions of an ISIhhA protein generally designated as CI, C2, C3, C4 and 
C5. An example of another replacement sequence \»rfhich could be used in the present 
invention is described in EP 0 586 266. 

20 It will be appreciated that the mutant protems of Ae present invention may be prepared 
using conventional protein engineering techniques. For example, polynucleotides of the 
invention or coding for a wild-type FrpB may be mutated using either random 
mutagenesis, for example using transposon mutagenesis, or site-directed mutagenesis. 

25 A successful FrpB protein for the prevention of infection by Neisseria may require 
more than one of the following elements: generation of serum and/or mucosal 
antibodies to facilitate complement mediated kilUng of the Neisseria, and/or to 
enhance phagocytosis and microbial killing by leukocytes such as polymorphonuclear 
leukocytes, and/or to prevent attachment of the Neisseria to the host tissues; induction 
30 of a cell mediated immune response may also participate to protection. 

The improvement of efficacy of a FipB mutant of the invention can be evaluated by 
analyzing the induced immune response for serum and/or mucosal antibodies that 
have antiadherence, and/or opsonizing properties, and/or bactericidal activity, as 
35 described by others (McChesney D et al. Infect. Immun. 36: 1006, 1982; Boslego J et 
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al: Efficacy trial of a purified gonococcl pilus vaccine, in Program and Abstracts of. 
the 24th Interscience Conference on Antimicrobial Agents and Chemotherapy, 
Washington, American Society for Microbiology, 1984; Siegel M et al, J. Meet Dis 
145: 300, 1982; de la Pas, Microbiology, 141 (Pt4): 913-20, 1995). 

It will be understood that protein sequences of the invention or for use in the invention 
are not limited to the particular sequences or fragments thereof given here but also 
include homologous sequences obtained fiom any source, for racample related 
bacterial proteins, and synthetic peptides, as well as variants or derivatives thereof. 

Thus, the present invention encompasses variants, homologues or derivatives of the 
amino add sequences of the present invention or for use in the invention, as well as 
variants, homologues or derivatives of the amino acid sequences. 

In the context of the present invention, a homologous sequence is taken to include an 
amino acid sequence which is at least 60, 70, 80 or 90% identical, preferably at least 
95 or 98% identical at the amino acid level. Although homology can also be 
considered in terms of similarity (i.e. amino acid residues having similar chemical 
properties/functions), in the context of the present invention it is preferred to express 
homology in terms of sequence identity. 

Homology coinparisons can be conducted by eye, or more usually, with flie aid. of 
readily available sequence comparison programs. These commercially available 
computer programs can calculate % homology between two or more sequences. 

% homology may be calculated over contiguous sequences, i.e. one sequence is aligned 
with the other sequence and each amino acid in one sequence directly compared vnih the 
corresponding amino acid in the other sequence, one residue at a time. This is called an 
"ungapped" aUgmnent Typically, such ung^ped alignments are performed only over 
relatively short.number of residues (for example less than 50 contiguous amino adds). 



a 



Altiiough Ibis is a very sunple and consistent method, it fiiils to take into consideration 
that, for example, in an othawise identical pair of sequences, one insertion or deletion 
will cause-^followng ammo acid residues to be put out of alignment, thus potentially ' 
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resulting in a large reduction in % homology when a global aUgnment is perfoimeA 
Consequently, most sequence comparison methods are designed to produce optimal 
aHgnments that take into consideration possible insertions and deletions without 
penaUang unduly the overall homology score. This is achieved by inserting "g^s" in 
5 the sequence alignment to try to maximise local homology- 

However, these more complex methods assign "gap penalties" to each g^ that occurs in 
the alignment so ftat, for the same number of identical amino adds, a sequence 
aUgnment with as few gaps as posable - reflecting higher lelatedness between two 
1 0 compared sequences - will achieve a higher score than one with many "AfBne g^ 
costs" are typically used that charge arelatively high cost for the existence of a gftp and a 
smaller penalty for each subsequent residue in the gap. This is flie most commonly used 
gap scoring system. High gap penalties will of course produce optimised aUgnments 
with fewer gaps. Most alignment programs allow the gap penalties to be modified. 
1 5 However, it is preferred to use the defeult values when using such software for sequence 
comparisons. For example ^en usmg the GCG Wisconsin Bestfit package (see below) 
the defeult g^ penalty for amino acid sequences is -12 for a gap and -4 for each 
extension. 

■ — *«ta- 

20 Calculation of maximum % homology flierefbre fiisfly requires the production of an 

optimal aUgnment, taking mto consideration gap penalties. A suitable computer program 
for carrymg out such an aUgnment is the GCG Wisconan Bestfit package (University of 
Wisconsin. U.S.A.; Devereux et al.. 1984, Nucleic Acids Research 12:387). Examples 

of other software than can perform sequence comparisons include, but are not Umited 
25 to, the BLAST package (see Ausubel et al., 1999 ifcirf- Chapter 18), FASTA (Atschul 

et al, 1990, J. Mol. Biol., 403-410) and the GENEWORKS suite of comparison tools. 

Both BLAST and FASTA are available for offline and online searching (see Ausubel 

et al., 1999 ibid, pages 7-58 to 7-60). However it is preferred to use the GCG Bestfit 

program. 



30 



Although the final % homology can be measured in terms of identity, the aUgnment 
process itself is typicaUy not based on an all-or-nothing pan: comparison. Instead, a 
scaled similarity score matrix is generaUy used that assigns scores to each pahrwise 
comparison based on chemical sunilarity or evolutionary distance. An example of 
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such a matrix commonly xised is the BLOSUM62 matrix - the default matrix for the 
BLAST suite of programs. GCG Wisconsin programs generally use either the public 
default values or a custom symbol comparison table if supplied (see user manual for 
further details). It is preferred to use the public default values for the GCG package, or 
5 in the case of other software, the default matrix, such as BLOSUM62. 

Once the software has produced an optimal alignment, it is possible to calculate % 
homology, preferably % sequence identity. The software typically does this as part of 
the sequence comparison and generates a numerical result 

10 

Where a protein is specifically mentioned herein, it is preferably a reference to a full- 
length protein but it may also encompass antigenic fragments thereof (particularly in the 
context of subunit vaccines). Preferred fragments include those which include an epitope. 
Particularly preferred fragments include those with at least one surface loop. With 

1 5 respect to the mutants of the present invention this loop is preferably other than loop 7 
and/or loop 5. These fragments may contain or comprise at least 10 amino acids, 
preferably 20 amino acids, more preferably 30 amino acids, more preferably 40 amino 
acids or most preferably 50 amino acids, taken contiguously from the amino acid 
sequence of the protein. In addition, antigenic fragments denotes fragments that are 

20 immunologically reactive with antibodies generated against the Neisserial proteins or 
with antibodies generated by infection of a mammalian host with Neisseria. Antigenic 
fragments also includes fragments that when administered at an effective dose, elicit a 
protective immime response against Neisserial infection, more preferably it is protective 
against N. meningitidis and/or N. gonorrhoeae infection, most preferably it is protective 

25 against K meningitidis serogroup B infection. 

The present invention also includes variants of the aforementioned proteins, that is proteins 
that vary from the referents by conservative amino acid substitutions, wheieby a residue is 
substituted by another with like characteristics. Typical such substitutions are among Ala, 
30 Val, Leu and lie; among Ser and Thr; among the acidic residues Asp and Olu; among Asn 
and Gin; and among the basic residues Xys and Arg; or aromatic residues Phe and Tyr. 
Particularly preferred are variants in which several, 5-10, 1-S, 1-3, 1-2 or 1 amino acids are 
substituted, deleted, or added in any combination. 
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Hie FrpB protein has also been identified in Neisseria gonorrhoeae (US 6,265,567). The 
present invention may thus also be applied to the FipB protein fiom other Neisseria. 

The FipB produced by the present invention or mutant FrpB . ftagment or variant thereof; 

5 preferably is a product which displays at least some of the immunological activity of the wild 
type FipB protein. Preferably it will show at least one of the foUow: 
An ability to mduce the production of antibodies which recognise the wild type FrpB (if 
necessary when the FrpB protem of the present invention is coupled to a carrier); 
An abiUty to induce the production of antibodies that can protect against experimental 

10 infection; and 

An abiUty to induce, when administered to an animal, the development of an immunological 
response that can protect against Neisserial infection such as Neisseria meningitidis or 
Neisseria gonorrhoeae infection. 

1 5 Prefembly the mutant protein of the present invention is cross-reactive and more preferably 
cross-protective. 

The FipB protein of the present invention is usefiil in prophylactic, therapeutic and 
diagnostic composition for preventing treating and diagnosmg diseases caused by Neisseria, 
20 particularly Neisseria meningitidis; although it may also have similar appUcations in 
relation to, e.g. Neisseria gonorrhoeae or Neisseria lactamia. 

Standard immunological techniques may be employed with the FrpB protein of the present 
invention in order to use it as an immunogen and as a vaccine. In particular, any suitable 

25 host may be injected with a pharmaceutically effective amount of the FrpB protein to 

generate monoclonal or polyvalent anti-FrpB antibodies or to induce the development of a 
protective immunological response against a Neisseria disease. Prior to administration, the 
FrpB protein may be formulated in a suitable vehicle, and thus we provide a pharmaceutical 
composition comprising a pharmaceutically effective amount of one or more proteins of the 

30 present invention. As used herein "pharmaceutically effective amount" refers to an amount 
of one or more FrpB proteins that elicits a sufficient titre of antibodies to treat or prevent 
mfection. Hie pharmaceutical composition of the present invention may also comprise other 
antigens usefiil in treatmg or preventing disease. 
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The FipB protein of this invention may also for the basis of a diagnostic test for infection. 
For example, the present invention provides a method for detection of aNeisserial antigen 
in a biological sample containing or suspected of containing the Neisserial antigen 
comprising: 

5 generating an anti-FrpB antibody using the protein of the present invention; 
isolating the biological sample from a patient; 

incubating the anti-FipB antibody or a fragment thereof with the biological sample; and 
detecting bound antibody or bound fragment. 

1 0 This mvention also provides a method for the detection of antibody specific to FrpB protein 
in a biological sample containing or suspected of containing said antibody comprising: 
isolating the biological sample from a patient; 
incubating the FrpB protein with the biological sample; and 
detecting bound antigen. 

15 

This diagnostic test may take several forms including ELISA and a radioimmunoassay. 
Further details on such applications are given below. 
20 Bactericidal assavs 

SBA bactericidal assays of the invention 

Cross-protection and an immunological response may be measured using a serum 
bactericidal assay (SBA) which is the most commonly agreed immxmological marker to 

25 estimate the eflBcacy of a meningococcal vaccine (Perkins et al. J Infect Dis. 1998, 

177:683-691). For example an improved response of the mutant FrpB protein over the 
wild type protein may be characterised by the SBA elicited by the mutant FrpB being at 
least 50%, two time, three times, preferably four times, five times, six times, seven 
times, eight times, nine times and most preferably ten times higher than the SBA 

30 elicited by the corresponding wild-type protein. Preferably SBA is measured against a 
homologous strain from which flie antigens are derived and preferably also against a 
panel of heterologous strains. Thus, cross-protection may be measured if a 
satisfactory heterologous SBA is given against a panel of e.g. three uiurelated strains. 
Satis&ctory SBA can be ascertained by any known method. SBA can be carried out 

35 - using-sera obtained from animal models; or from human subjects. 
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A preferred method of conducting SBA with human sera is the foUowing. A blood 
sample is taken prior to the first vaccination, two months after the second vaccination 
and one month after the third vaccination (three vaccmations in one year being a 

5 typical himian primary vaccmation schedule administered at, for instance, 0, 2 and 4 
months, or 0, 1 and 6 months). Such human primary vaccmation schedules can be 
carried'out on infants under 1 year old (for instance at the same time as ffib 
vaccinations are carried out) or 2-4 year olds or adolescents may also be vaccinated to 
test SBA with such a primary vaccination schedule. A further blood sample may be 

10 takeneto 12 months after primary vaccination and one month after a booster dose, if 

£^licable. 

SBA wUl be satisfectory for an antigen or bleb preparation with homologous 
bactericidal activity if one month after the third vaccine dose (of the primary 
1 5 vaccination schedule) On 2-4 year olds or adolescents, but preferably in infants in the 
first year of life) the percentage of subjects with a four-fold increase in terms of SBA 
(antibody dilution) titre (compared with pre-vaccinadon titre) against the strain of 
meningococcus from which the antigens of the invention were derived is greater than 
30%, preferably greater than 40%, more preferably greater than 50%, and most 
20 preferably greater than 60% of the subjects. 

Of course an antigen or bleb preparation with heterologous bactericidal activity can 
also constitute bleb preparation with homologous bactericidal activity if it can also 
eUcit satisfactory SBA against the meningococcal strain tcom which it is derived. 



25 



SBA will be satisfectory for an antigen or bleb preparation with heterologous 
bactericidal activity if one month after tiie tiiird vaccine dose (of the primary 
vaccination schedule) (in 2A year olds or adolescents, but preferably in infants m tiie 
first year of life) the percentage of subjects with a four-fold increase in terms of SBA 
30 (antibody dilution) titre (compared with pre-vaccination titre) against three 
heterologous strains of meningococcus is greater tiian 20%, preferably greater than 
30%, more preferably greater than 35%, and most preferably greater than 40% of the 
subjects. Such a test is a good indication of whether tiie antigen or bleb preparation 
witii heterologous bactericidal activity can induce cross-bactericidal antibodies 
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against various meningococcal strains. The three heterologoxis strains should 
preferably have different electrophoretic type (ET)-complex or multilocus sequence 
typing (MLST) pattern (see Maiden et al, PNAS USA 1998, 95:3140-5) to each other 
and preferably to the strain from which the antigra or bleb preparation with 

. 5 heterologous bactericidal activity is made or derived. A skilled person will readily be 
able to determine three strains with different ET-complex which reflect flie genetic 
diversity observed amongst meningococci, particularly amongst meningococcus type 
B strains that are recognised as being the cause of significant disease burden and/or 
that represent recognised MenB hyper-vimlent lineages (see Maiden et al. supra). For 

10 instance three strains that could be used are the following: BZIO (B:2b:P1.2) 
belonging to the A-4 cluster; B16B6 (B:2a:PL2) belonging to the ET-37 complex; 
and H44/76 (B: 1 5 :P 1.7, 16) belonging to the ET-5 complex, or any other strains 
belonging to the same ET/Cluster. Such strains may be used for testing an antigen or 
bleb preparation with heterologous bactericidal activity made or derived from, for 

15 instance, meningococcal strain CU385 (B:4:P1.15) whidi belongs to the ET-5 
complex. Another sample strain that could be used is from the Lineage 3 epidemic 
clone (e.g. NZ124 [B:4:P1.7,4]). Another ET.37 strain is NGP165 (B:2a:P1.2). 

Processes for measuring SB A activity are known in the art. For instance a method that 
20 might be used is described in WO 99/09176. In general terms, a culture of the strain to 
be tested is grown (preferably in conditions of iron depletion - by addition of an iron 
chelator such as EDDA to the growth medium) in the log phase of growth. This can 
be suspended in a mediimi with BSA (such as Hanks mediirai with 0.3% BSA) in 
order to obtain a working cell suspension adjusted to approximately 20000 CFU/ml. 
25 A series of reaction mixes can be made mixing a series of two-fold dilutions of sera to 
be tested (preferably heat-inactivated at 56^C for 30 min) [for example in a 50^1/well 
volume] and the 20000 CFU/inl meningococcal strain suspension to be tested [for 
example in a 25^1/well volume]. The reaction vials should be incubated (e.g. 37''C for 
15 minutes) and shaken (e.g. at 210 rpm). The final reaction mixture [for example in a 
30 lOOi^l volume] additionally contains a complement source [such as 25 % final volume 
of pretested baby rabbit serum], and is incubated as above [e.g. 37**C for 60 min]. A 
sterile polystyrene U-bottom 96-well microtiter plate can be used for this assay. A 
aliquot [e.g. 10 |il] can be taken from each well using a multichannel pipette, and 
dropped onto Mueller-Hinton agar plates (preferably containing 1 % Isovitalex and 1 
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% heat-inactivated Horse Serum) and incubated (for example for 18 hours at 3TC in 
5 % CO2). Preferably, individual colonies can be counted up to 80 CFU per aliquot 
The following three test samples can be used as controls: buffer + bacteria + 
complement; buffer + bacteria + inactivated complement; serum + bacteria + 
5 inactivated complement SBA titers can be straightforwardly calculated using a 
program which processes the data to give a measurement of the dUution which 
corresponds to 50 % of cell killing by a regression calculation. 

Animal protection assays 
1 0 Alternatively, the synergistic response may be characterised by the efficacy of the 
combmation of antigens in an animal protection assay. For instance, the assays 
described in example 12 or 13 may be used. Preferably the number of animals 
protected by the combmation of antigens is significantly unproved compared with 
usmg the antigens by themselves, particularly at suboptimal doses of antigen. 

15 

Adhesion blocking assay 

Alternatively, the unmunological response may be characterised by the efficacy of the 
combination of antigens in an adhesion blocking assay. Preferably the extent of 
blocking mduced by antisera raised against the mutant FrpB is significantly inqaoved 
20 compared with using antisera raised against the wUd-type FrpB, particularly at 
suboptimal doses of antibody. 



polynucleotide 

25 The present mvention also provides polynucleotides vvdiich code for the mutant 
proteins of the present invention, mcluding variants, derivatives and homologs 
thereof. Polynucleotides of tiie invention may comprise DNA or KNA. They may be 
single-stranded or double-stranded. They may also be polynucleotides which include 
within them synthetic or modified nucleotides. A number of different types of 

30 modification to oUgonucleotides are known in tiie art These include 
metiiylphosphonate and phosphorolhioate backbones, addition of acridine or 
polylysme chains at tiie 3' and/or 5' ends of the molecule. For tiie purposes of tiie 
present invention, it is to be understood that tiie polynucleotides described herein may 
be modified by any metiiod avaUable in tiie art. Such modifications may be carried out 
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in order to enhance the in vivo activity or life span of polynucleotides of the invention. 

In one embodiment the mutant proteins of the present invention are produced using 
any one of the following techniques: site-directed mutagenesis including cassette 
5 mutatgenesis, single primer extension, a PGR method of site-durected mutagensis for 
example the four-primer method of Higuchi et al (1988) Nucleic Acids Res. 16:7351- 
67, unidirectional deletion; random mutagenesis; and selection of mutant proteins by 
phage display. 

10 The terms "variant", ''homologue" or "derivative" in relation to the nucleotide sequence 
of the present mvention mclxide any substitution of, variation of, modification of, 
replacement of, deletion of or addition of one (or more) nucleic acid from or to the 
sequence providing the resultant nucleotide sequence codes for a mutant FrpB 
polypeptide. 

15 

As indicated above, with respect to sequence homology, preferably there is at least 75%, 
more preferably at least 85%, more preferably at least 90% homology to tiie sequences 
shown in the sequence listing herein. More preferably there is at least 95%, more 
preferably at least 98%, homology. Nucleotide homology comparisons may be 
20 conducted as described above. A preferred sequence comparison program is the GCG 
Wisconsin Bestfit program described above. The d^ult scoring matrix has a match 
value of 10 for each identical nucleotide and -9 for each mismatch. The default gap 
creation penally is -50 and the default gap extension penalty is -3 for each nucleotide. 

25 The present invention also encompasses nucleotide sequences that are capable of 
hybridising selectively to the sequences presented herein, or any variant, firagment or 
derivative thereof, or to the complement of any of the above. Nucleotide sequences are 
preferably at least 15 nucleotides in lengtib, more preferably at least 20, 30, 40 or 50 
nucleotides in length. 

30 

The term ^liybridization" as used herein shall include *^e process by which a strand 
. of nucleic acid joins with a complementary strand through base pairing" as well as tiie 
process of amplification as carried out in polymerase chain reaction technologies. 

"EST AVAIUBLE COPY 



P14990G6 



24 



Polynucleotides of the invention capable of selectively hybridising to the nucleotide 
sequences presented herein, or to their complement, will be generally at least 70%, 
preferably at least 80 or 90% and more preferably at least 95% or 98% homologous to 
the conesponding nucleotide sequences presented herein over a region of at least 20, 
5 preferably at least 25 or 30, for instance at least 40, 60 or 100 or more contiguous 
nucleotides. Preferred polynucleotides of the invention will comprise regions 
homologpus to nucleotides whidi code for conserved regions, preferably at least 80 or 
90% and more preferably at least 95% homologous to these regions. 

10 The term "selectively hybridizable" means that the polynucleotide used as a probe is 
used under conditions where a target polynucleotide of the invention is found to 
hybridize to the probe at a level significantly above background. The background 
hybridization may occur because of other polynucleotides present, for example, in the 
cDNA or genomic DNA library being screening. In this event, background impUes a 
15 level of signal generated by interaction between the probe and a non-specific DNA 
member of the Ubrary which is less than 10 fold, preferably less than 100 fold as intense 
as the specific interaction observed with the target DNA. The intensity of interaction 
may be measured, for example, by radiolabelling the probe, e.g. with ^^P. 

20 Hybridization conditions are based on the melting temperature (Tm) of the nucleic 
acid binding complex, as taught in Berger and Kimmel (1987, Guide to Molecular 
Qoning Techniques, Methods in Enzymology, Vol 152, Academic Press, San Diego 
CA), and confer a defined "stringency" as explained below. 

25 Maxunum stringency typically occurs at about Tm-5°C (5«C below the Tm of the 
probe); high stringency at about 5''C to 10«»C below Tm; intermediate stringency at 
about lO^C to 20°C below Tm; and low stringency at about 20'»C to 25''C below Tm. 
As will be understood by those of skill in the art, a maxunum stringency hybridization 
can be used to identify or detect identical polynucleotide sequences while an 

30 intermediate (or low) stringency hybridization can be used to identify or detect similar 
or related polynucleotide sequences. 
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In a preferred aspect, the present invention covers nucleotide sequences that can 
hybridise to the nucleotide sequence of the present invention imder stringent conditions 
(e.g. 65°C and O.lxSSC {IxSSC = 0.15 MNaCl, 0.015 MNaa Citrate pH 7.0}). 

Where the polynucleotide of the invention is double-stranded, both strands of the duplex^ 
eiflier individually or in combinatioh, are encompassed by the present invention. Where 
the polynucleotide is single-stranded, it is to be understood that the complementary 
sequence of that polynucleotide is also included within the scope of the present 
invention. 



Polynucleotides which are not 100% homologous to the sequences of the present 
invention but fall within the scope of the invention can be obtained in a niunber of ways. 
Other variants of the sequences described herein may be obtained for example by 
probing DNA libraries made from a range of individuals, for example individuals fix>m 
1 5 different populations. In addition, other bacterial homologues may be obtained and such 
homologues and fragments thereof in general will be enable of selectively hybridising 
to the sequences shown in the sequence listing heieirL 

Variants and strain/species homologues may also be obtained using degenerate PGR 
20 vMch win use primers designed to target sequences within the variants and homologues 
encoding conserved amino acid sequences within the sequences of the present invention. 
Conserved sequences can be predicted, for example, by aligning the amino acid 
sequences from several variants/homologues. Sequence alignments can be pierformed 
using computer software known in the art. For example the GCG Wisconsin PileUp 
25 program is widely used. 

The primers used in degenerate PGR will contain one or more degenerate positions and 
will be used at stringency conditions lower than those used for cloning sequences with 
single sequence primers against known sequences. 



Polynucleotides of the invention may be used to produce a primer, e.g. a PGR primer, a 
prim^ for an alternative amplification reaction, a probe e.g. labelled with a revealing 
label by conventional means using radioactive or non-radioactive labels, or the 
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polynticleotides may be cloned into vectors. Such primers, probes and other fir^ents. 
wiU be at least 15. preferably at least 20, for example at least 25, 30 or 40 nucleotides in 
length, and are also encompassed by the term polynucleotides of the invention as used 
herein. Preferred fragments are less than 5000. 2000, 1000, 500 or 200 nucleotides in 
length. 

Polynucleotides such as a DNA polynucleotides and probes according to the invention 
may be produced recombinantly, synthetically, or by any means available to those of 
skill in the art. They may also be cloned by standard techniques. 

In general, primers will be produced by synthetic means, involving a step wise . 
manufectiire of the desired nucleic acid sequence one nucleotide at a time. Techniques 
for acconq)lishing this using automated techniques are readily available in flie art. 

15 Longer polynucleotides will generally be produced using recombinant means, for 
example using PGR (polymerase chain reaction) clonmg techniques. This will involve 
making a pair of primers (e.g. of about 15 to 30 nucleotides) flanking a region of the 
sequence which it is deared to clone, bringing the primers into contact with mRNA or 
cDN A obtained from an ammal or human ceU. performing a polymeirase chain reaction 

20 under conditions which bring about amplification of the desired region, isolating flie 
amplified fragment (e.g. by purifying the reaction mixture on an agarose gel) and 
recovering the amplified DNA. Tlie primers may be designed to contain suitable 
restriction enzyme recognition sites so that Ihe amplified DNA can be cloned into a 
suitable clonmg vector 



25 



Pftfnlding Method 



The present invention provides a method for promoting the correct folding/refolding of an 
FrpB protein or a mutant thereof according to the present mvention, which method 
30 involvesihe use of the detergent SB-12 in an alkaline refolcfing buffer. 

TypicaUy the method of the present invention is used to assist in refolding recombinantly 
produced FrpB, which is obtained in an unfolded or misfolded form. Thus, recombinantly 
produced proteins may be contacted with the refoldmg buffer to unfold, refold and/or 
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reactivate recombinant proteins which are inactive due to misfoldbg and/or ate unfolded 
as a result of their extraction from the host cells in which they were expressed (such as 
from bacterial inclusion bodies). Such a process may also be termed "reconditioning". 

The method of the invention may be employed to maintain the folded conformation of 
FrpB, for example during storage, in order to increase shelf life. Under storage conditions, 
many proteins lose their activity, as a result of disruption of correct folding. The presence 
of the refolding buffer of the present invention, reduces or reverses the tendency of 
proteins to become unfolded and thus greatly increases the shelf life thereof. 



The method of the invention may be used to promote the correct folding of FrpB which, 
through storage, exposure to denaturing conditions or otiierwise, have become misfolded. 
Thus, the invention may be used to recondition FrpB. For example, FrpB in need of 
reconditioning may be contacted with the refolding buffer in accordance witii the 
15 invention. 

ThiB present mvention also provides a method for aUering the structure of an FrpB protein. 
Structural alterations mclude folding, unfolding and refolding. The effect of tiie 
alterations is preferably to improve the yield, specific activity and/or quality of the 
20 molecule. This may typically be achieved by resolubilising, reconditioning and/or 
reactivating incorrectiy folded molecules post-syntiiesis. 

The terms "reconditioning" and "reactivating" thus encompass in vitro procedures. 
Particular examples of in vitro procedures may include processing proteins that have been 
25 solubilised from cell extracts (such as inchision bodies) using strong denaturants such as 
urea or guanidium chloride. 

The terms "refold", "reactivate" and "recondition" are ndt intended as being mutually 
exclusive. For example, an inactive protein, perhaps denatured using urea, may have an 
30 imfolded structure. This inactive protein may then be refolded witii a protein of the 

invention thereby reactivating it In some circumstances there may be an increase in the 
specific activity of the refolded/reactivated protein compared to the protein prior to 
inactivation/denaturation: this is termed "reconditioning". 
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The molecule is typically an unfolded or misfolded protein which is in need of folding. 
Alternatively, however, it may be a folded protein which is to be maintained in a folded 
state. 

The invention envisages at least two situations. A furst situation is one in which the 
protein to be folded is in an unfolded or misfolded state, or both. In this case, its correct 
folding is promoted by the method of the invention. A second situation is one in which 
the protein is substantially already in its correctly folded state, that is all or most of it is 
folded correctly or nearly correcdy. In this case, the method of the invention serves to 
maintain the folded state of the protein by affecting the folded/unfolded equilibrium so as 
to fevour the folded state. This prevents loss of activity of an afready substantially 
correctly folded protein. These, and other, eventualities are covered by the reference to 
'♦promoting** the folding of the protein. 

As used herein, a protein may be unfolded when at least part of it has not yet acquired its 
correct or desired secondary or tertiary structure. A FOtein is misfolded when it has 
acquired at least partially incorrect or undesired secondary or tertiary structure. 
Techniques are known m the art for assessing protein structure - such as ckcular 
dichroism. 

The refolding buffer of tiie present invention conq)rises 3- 

dimethyldodecylammoniopropanesulfonate (also referred 1»asN-Dodecyi-N,N-^ 
ammonio-l-propanesulfonate) and referred to herein as "SB-12". SB-12 is also refeied to as 
Zwittergent3-12. SB-12 is avaUable from commercial sources, sudi as Fluka AG. Whilst 
i not wishing to be bound by any theory, we beUeve the dilution step in SB-12 creates a 
hydrophobic environment for the protein, which is similar to the protein's natural in vivo 
environmoit 

SB-12 is a detergent and the concentration of SB-12 should be at least about 0.2%, since tiiis 
0 is the concentration generally required for micelle formation. Thus, the concentration of SB- 
12 may be about 0.2% to about 5.0%. Preferably the concentration is about 02%, 0.3%, 
0.4%, 0.5%, 0.6%, 0.7%, 0.8%, 0.9% or 1.0%. In an especiaUy preferred embodiment 0.5% 
SB-12 is used. 
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In one embodiment the SB-12 is purified. Conveniently the SB-12 may be purified before 
use by passmg a concentrated solution of SB-12 over an AI2O3 chromatography column, 
e.g. using in methanol/chloroform (1:1), but any suitable method may be used for purifying 
the SB-12, 

5 

We have found that the dilution of the denatured protein should to be earned out in an 
alkaline environment to maximise the eflBciency of refoldmg. Preferably the pH of the 
refolding buffer is about 1 1 .0. Preferably the alkaline environment is obtained by the use of 
ethanoiamine. In this preferred embodiment the refolding buffer comprises SB-12 and 
1 0 ethanoiamine. Conveniently 2QmM ethanoiamine is used, but other concentrations, such as 
SOmM, may be useful. 

We have also found that preferably the dilution of the protein may also be carried out in the 
presence of guanidhim hydrochloride, NaCl (such as 0.4M NaCl) or urea (such as 8M urea), 
15 with guanidium hydrochloride bemgprefenred. Conveniently 0.4M guanidium 
hydrochloride is used, but olher concentrations may be useful. When one of the 
aforementioned components is used during solubilisation, it will be appreciated that there 
may be no need to add the component again during the refolding stage. 

20 We have found that a 1 :10 dilution of iflie FrpB in the refolding buffer is preferred, but ottier 
ratios such as 1 :20 may be used. 

The FrpB to be processed by the method of the invention is typically obtained firom cell 
extracts of host cells e^q^ressihg recombinant FrpB. Host cells include prokaryotes such 
25 as E. colU yeast and insect cells (the baculovirus system is capable of very high level 

protein e:q>ression). Expression of the FrpB in the host cell is preferably at high levels to 
maximise yield. Further details on the expression of recombmant FrpB are given below. 

We have foimd that the present invention is most efficient when used to refold a mature 
30 or mutant mature FrpB protein. By "mature" we include a protein without a leader or 
secretory sequence, a pre-, or pro- or prepro-protein sequence, and also a protein, but the 
method can be used to refold proteins with such sequences. It is common during 
conventional purification techniques to make use of a marker sequence that facilitates 
purification, such as a hexa-histidine peptide, as provided in the pQE vector (Qiagen, Inc.) 
35 and described in Gentz et al, Proc. Natl Acad ScL, USA 86: 821-824 (1989), or an HA 
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peptide tag (Wilson et al.. Cell 37: 767 (1984). The process of the present invention can be 
used when such marker sequences are not present. 

It is likely that a substantial proportion of the FrpB will be insoluble and consequently 
5 techniques to solubUise normally insoluble components of the cell extracts (such as 
inclusion bodies) to maximise extraction of the FrpB will typically be employed. Any 
convention technique for preparation and extraction of the FrpB proteins from inclusion 
bodies and their subsequent solubilisation may be employed. Such techniques are 
described for example in "Current Protocols in Protein Science" published by JA Wiley & 
1 0 Sons. Such techniques generally mdude: 

Cell Lysis - using, for example, a French press or sonication, to release inclusion bodies. 
Typically the cells are placed in a cold buffer such as a TE buffer prior to lysis. 
Sonication may be carried out using a Branson sonifier. Sonification may take place in 
15 the presence of a detergent. e.g. Brij or Triton. The inclusion bodies in the cell lysate may 
then be pelleted using low-speed centrifiigation. The cells may be pretreated with 
lysozyme prior to lysis. The purpose of the pretreatment is to aid removal of the 
peptidoglycan and outer membrane protein contaminants during the washing steps. The 
lysed cells may be clarified by centrifiigation and the supernatant discarded. 

20 

Inclusion Body Washing - to remove cell wall and other outer membrane components 
contaminants from the inclusion bodies recovered from ceU lysates. Typically the peUet 
is resuspended in a wash buffer contaimng. e.g. buffer such as TE buffer and/or a 
detergent such as Triton. The suspension may then be resuspended and the supernatant 
25 discarded. This process may be repeated until the supernatant is clear. If requked,the 
washed pellets can be frozen for storage. 

The amount of recombinant protein m the washed pellet may be estunated using the 
following guidelines: (1) an expression level of 1% conresponds to ~lmg recombinant 

30 protein per 1 g wet cells. (2) The recovery of highly aggregated recombinant protein in the 
washed pellets is -75% that originally present in the cells. (3) About 60% of the total 
washed pellet protein is recombinant-derived. The total amount of recombinant protein 
can be directly determined be measuring the total protem concentration or by analysing 
the washed pellets via SDS-PAGEto determine the proportions of the protein 

35 constituents. 
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Ptotein solubilisation - the extracted protein is then extracted from the washed pellet and 
defolded using a denaturant which disassociates protein-protein interactions and unfolds 
the protein so that it consists of unfolded monomers. Denaturants include guanidine:HCl 
5 (such as 6Mguanidine:HCl) and/or urea (such as 8M urea). In one embodiment of the 
present invention we conveniently use 8M urea for solubilisation. The extract may. be 
stored by freezing following pelleting. 

Solubilised cell extracts may optionally be partially purified by, for example, a variety of 

10 affinity chromatography techniques prior to contacting with the refolding buffer 
according to the method of the invention. 

The solubilised cell extract is then diluted mto the refolding buffer in accordance wiA die 
present invention. 

15 

Thus, the starting material for the refolding^reconditioning method of Ae invention is 
typically denatured protems in solutions of agents such as urea/guanidium chloride. 
Alternatively, or in addition, soluble protein samples may be specifically denatured by the 
addition of appropriate denaturing agents prior to refolding. 

20 

The method of the invention may also employ the use of molecular chaperones. 

Ch^erones, including chaperonins, are proteins which promote protein folding by non- 
edzymatic means, in that they do not catalyse the chemical modification of any structures 
25 in folding proteins, but promote the correct folding of protems by fecilitating correct 
structural alignment tiiereof. Molecular chaperones are well known in the art, several 
&milies thereof being characterised. The invention may employ any molecular 
chaperone molecule, which term includes, for example, tiie molecular chaperones selected 
from the foUowring non-exhaustive group: 

30 

p90 Cahiexin, HSP family, HSP70 family, DNA K, DNAJ, HSP6P family (GroEL), 
ER-associated chaperones, HSP90, Hsc70, sHsps; SecA; SecB, Trigger factor, zebrafish 
hsp 47, 70 and 90, HSP 47, GRP 94, Cpn 10, BiP. GRP 78, Clp, FtsH, Ig invariant chain, 
mitochondrial hsp70, EBP, mitochondrial m-AAA, Yeast Ydjl, Hspl04, ApoE, Syc, Hip, 
35 Trie family, CCT, PapD and cahnodulm (see W099/p5 163 for references). 
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The method of the present invention may also make use of a foldase. In general terms, a 
foldase is an enzyme which participates in the promotion of protein folding through its 
enzymatic activity to catalyse the rearrangement or isomerisation of bonds in the folding 

5 protein. They are thus distinct from a molecular chaperone, which bind to proteins in 
unstable or non-native structural states and promote correct folding without enzymatic 
catalysis of bond rearrangement Many classes of foldase are known, and they are 
common to animals, plants and bacteria. They include peptidyl prolyl isomerases and 
thiol/disulpWde oxidoreductases. The invention may employ any of the foldases which 

10 are capable of promoting protein folding through covalent bond rearrangement. 

At the end of the refolding/reconditioning process, the refolded FrpB may be desalted by 
dialysis against a suitable storage buffer and/or the use of a desalting column mto a 
suitable storage buffer. Suitable buffers include 25 mM sodium phosphate, 150 mM 
1 5 NaCl and 0.1% PEG 6000 (pH 7.4). 

In one embodiment of the present invention, following removal of urea and guanidium 
hydrochloride, the buffer may be changed from elhanolamine pHl 1 to Tris-HCl pH7.2 
contiuning &e Zwittrargent 3-12. 
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Vectors. Host Cells. Ex pression SvstCTM 



The invention may employ vectors that comprise a polynucleotide which codes for at least an 
FipB protein and may comprise polynucleotides of the present invention which code for a 
25 mutant FrpB protein of the present invention, host cells that are genetically engineered with 
vectors of the invention and the production of FrpB protems by recombinant techniques. Cell- 
free translation systems can also be employed to produce such proteins using RNAs derived 
from DNA constructs. 

30 Recombinant proteins of the present invention may be prepared by processes well known in 
those skUled in the art from genetically engineered host cells comprising expression systems. 

For recombinant production of tiie proteins of the invention, host ceUs can be genetically 
engineered to incorporate expression systems or portions tiiereof or polynucleotides of die 
35 invention. Introduction of a polynucleotide into flie host ceU can be effected by methods 
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described in many standard laboratory manuals, such as Davis, et al, BASIC METHODS IN 
MOLECULAR BIOLOGY, (1986) and Sambrook, etal, MOLECULAR CLONING: A 
LABORATORY MANUAL, 2nd Ed., Cold Spring Harbor Laboratory Press, Cold Spring 
Harbor, N.Y. (1989), such as, calcium phpsphate transfection, DEAE-dextran mediated 
transfection, transvection, microinjection, cationic lipid-mediated transfection, electroporation, 
transduction, scrape loading, ballistic introduction and infection. 

Representative examples of appropriate hosts include bacterial cells, such as cells of 
streptococci, staphylococci, aiterococci, E. coli, streptomyces, cyanobacteria. Bacillus subtilts^ 
Moraxella catarrhalis, Haemophilus irfiuemae and Neisseria meningitidis; fungal cells, such 
as cells of a yeast, EJweroinyces, Saccharomyces, a basidiomycete, Candida albicans and 
Aspergillus; insect cells such as cells of Drosophila 82 and Spodoptera S©; animal cells such 
as CHO, COS, HeLa, C127, 3T3, BHK, 293, CV-1 and Bowes melanoma cells; and plant 
cells, such as cells of a gynmosperm or angiosperm. 

A great variety of expression systems can be used to produce the proteins of the invention. 
Such vectors include, among otiiers, chromosomal-, episomal- and virus-derived vectors, for 
example, vectors derived fix)m bacterial plasmids, from bacteriophage, from transposons, from 
yeast episomes, from insertion elements, from yeast chromosomal elements, from viruses such 
as baculoviruses, papova viruses, such as SV40, vaccinia viruses, adenoviruses, fowl pox 
viruses, pseudorabies viruses, picomaviruses, retroviruses, and alphaviruses and vectors 
derived from combinations thereof^ such as those derived fix)m plasmid and bacteriophage 
genetic elements, such as cosmids and phagemids. The expression system constructs may 
contain control regions that regulate as well as engender expression. Generally, any system or 
vector suitable to maintain, propagate or express polynucleotides and/or to express a protem in 
a host may be used for expression m this regard. The appropriate DNA sequence may be 
inserted into the expression system by any of a variety of well-known and routine techniques, 
such as, for example, those set forth in Sambrook et al, MOLECULAR CLONING, A 
LABORATORY AdANUAL, (supra). 

In recombinant expression systems in eukaryotes, for secretion of a translated protein into the 
lumen of the endoplasmic reticulum, into the periplasmic space or into the extracellular 
environment, appropriate secretion signals may be incorporated into tiie expressed protein. 
These signals may be endogenous to the protein or they may be het^logous signals. 
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Proteins of the present invention can be recovered and purified fix)m recombinant cell 
cultures by the mettiod of the present invention. 

Antibodies 

5 

The proteins of the invention can be used as inununogpns to produce antibodies 
iinmunospecific for such proteins. 

In certain preferred embodiments of the invention tiiere are provided antibodies against tiie 
1 0 FrpB protein of the invaition. 

Antibodies generated against the proteins of tiie invention can be obtained by administering tiie 
proteins of tiie invention, or epitope-bearing fiagments of eittier or botii. analogues of eitiier or 
botii, to an animal, preferably a nonhuman, using routine protocols. For preparation of 
1 5 monoclonal antibodies, any technique known in tiie art tiiat provides antibodies produced by 
continuous ceU line cultures can be used. Examples include various techniques, such as tiiose 
in Kohler, G. and Milstein. C. Nature 256: A9S-ASri (1975); Kozbor et aL, bnmimology Today 
4: 72 (1983); Cole et al., pg. 77-96 in MONOCLONAL ANTIBODIES AND CANCER 
THERAPY, Alan R. Liss, Inc. (1985). 



20 



Techniques for tiie production of single chain antibodies (U.S. Patent No. 4,946.778) can be 
adapted to produce single chain antibodies to proteins of tiiis invention. Also, transgenic mice, 
or otiier organisms or animals, such as otiier mammals, may be used to express humanized 
antibodies immunospecific to tiie proteins of tiie invention. 



25 



Alternatively, phage display technology may be utilized to select antibody genes witii 
binding activities towards a protein of tiie invention eitiier from repertoires of PCR 
amplified v-genes of lymphocytes from humans screened for possessing anti-FrpB or from 
naive libraries (McCafferty. et aL, (1990), Natiire 348, 552-554; Marks, et al, (1992) 
30 Biotechnology 10, 779-783). The affinity of tiiese antibodies can also be improved by, for 
example, chain shuffling (Clackson et al., (1991) Nature 352: 628). 

The above-described antibodies may be employed to isolate or to identify clones expressing 
FrpB proteins of tiie invention to purify tiie proteins or polynucleotides by, for example. 
35 affinity chromatography. 
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Thus, among others, antibodies against the FrpB protein of the invention may be employed to 
treat infections, particularly bacterial infections. 

5 Preferably, the antibody or variant thereof is modified to make it less immunogenic in the 
individual. For example, if the individual is human the antibody may most preferably be 
"humanized," where the complimentarity determining region or regions of the hybridoma- 
derived antibody has been transplanted into a human monoclonal antibody, for example as 
described in Jones et al (1986), Nature 321 , 522-525 or Tempest et al, , (1991) 
10 Biotechnology 9,266-273. 

A protein of the present invention can be administered to a recipient who then acts as a 
source of immime globulin, produced in response to challenge from the ^cific vaccine. 
A subject thus treated would donate plasma from which hyperimmime globulin would be 

1 5 obtained via conventional plasma fractionation methodology. The hyperinmiune globulin 
would be administered to another subject in order to impart resistance against or treat 
Neisserial infection. Hyperimmune globulins of the invention are particularly useful for 
treatment or prevention of Neisserial disease in infants, immune compromised individuals 
or where treatment is required and there is no time for the individual to produce 

20 antibodies in response to vaccination. 

An additional aspect of the invention is a pharmaceutical composition comprising a 
monoclonal antibody (or fragments thereof; preferably human or humanised) reactive 
against the pharmaceutical composition of the invention, which could be used to treat or 
25 prevent infection by Gram negative bacteria, preferably Neisseria, more preferably 
Neisseria meningitidis or Neisseria gonorrhoeae and most preferably Neisseria 
meningitidis serogroup B. 

Such pharmaceutical compositions comprise monoclonal antibodies that can be whole 
30 inunimoglobulins of any class e.g. IgG, IgM, IgA, IgD or IgE, chimeric antibodies or 

. hybrid antibodies with specificity to two or more antigens of the invention. They may also 
be fragments e.g. F(ab')2, Fab% Fab, Fv and the like including hybrid fragments. 

Methods of making monoclonal antibodies are well known in the art and can include the 
.35 fusion.o£i^lenocytes. withinyeloma.cells (Kohler and.Milstein4975.Nature 256; 495; 
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Antibodies - a laboratory manual Harlow and Lane 1988). Alternatively, monoclonal Fv 
fragments can be obtained by screening a suitable phage display library (Vaughan TJ et al 
1998 Nature Biotechnology 16; 535). Monoclonal antibodies may be humanised or part 
humanised by known methods. 

5 

Antagonists anf ^ Apnnists - Assavs and Molecules 

The refolded protdns of the invention may also be used to assess tiie binding of small 
molecule substrates and Ugands in, for example, cell-free preparations, chemical Ubraries. and 
10 naturalproductmfactuies.ThesesubstratesandUgandsmaybenaturalsubsh^^ 

or may be structural or fiinctional mimetics. See, e.g., CoUgan etal.. Current Protocols in 
Immunology 1(2): Chapter 5 (1991). 

The screening methods may simply measure the binding of a candidate compound to the 
1 5 protein. Alternatively, the screening method may involve conq,etition with a labeled 

competitor. Hie screening methods may simply comprise the steps of mixing a candidate 
compound with a solution containing a protein of the present invention, to form a mixture, 
measuring FrpB protem activity in the mixture, and comparing the FrpB protein activity of 
the mixture to a standard. 

20 

The polynucleotides, proteins and antibodies that bind to and/or interact wifli a protein of the 
present invention may also be used to configure screening methods for detecting the effect 
of added compounds on the production of mRNA and/or protein in cells. For example, an 
ELISA assay may be constructed for measuring secreted or cell associated levels of protein 
25 using monoclonal and polyclonal antibodies by standard methods known m the art This 

can be used to discover agents which may inhibit or enhance the production of protein (also 
caUed antagonist or agonist, respectively) from suitably manipulated cells or tissues. 



The invention also provides a method of screening compounds to identify those which enhance 
30 (agonist) or block (antagonist) the action of FrpB protems and polynucleotides, particularly 
those conqjounds that are bacteristatic and/or bactericidal. The melhod of screening may 
invoWe Mgh-throu^put techniques. For example, to screen for agonists or antagonists, a 
synthetic reaction mix comprising FrpB protein and a labeled substrate or ligand of such 
protdn is incubated in the absence or the presence of a candidate molecule that may be a FrpB 
35 agonistorantegonistTheabilhyofthecandid^rtemoleculetoagonizeorantagonizethe 
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protein is reflected in decreased binding of the labeled ligand or decreased production of 
product from such substrate. Molecules that bind gratuitously, te., without mducing the 
effects of FrpB protein are most likely to be good antagonists. Reporter systems that may be 
useful in this regard include but are not limited to colorimetric, labeled substrate converted into 
product, a reporter gene that is responsive to changes in FrpB protein activity, and binding 
^assays known in the art. 

Another example of an assay for FipB agonists is a competitive assay that combines FrpB and 
a potential agonist with FipB-binding molecules, recombinant FrpB binding molecules, natural 
substrates or ligands, or substrate or ligand mimetics, under appropriate conditions for a 
competitive inhibition assay. FrpB can be labeled, such as by radioactivity or a colorimetric 
compound, such that the number of FrpB molecules bound to a binding molecule or converted 
to product can be determined accurately to assess the effectiveness of tiie potential antagonist 

Potential antagonists include, among others, small organic molecules, peptides, proteins and 
antibodies that bind to a polynucleotide and/or protein of tiie iinvention and thereby inhibit or 
extinguish its activity or expression. Potential antagonists also may be small organic 
molecules, a peptide, a protein such as a closely related protein or antibody that binds the same 
sites on a binding molecule, such as a bindmg molecule. 

Potential antagonists include a small molecule that bmds to and occupies the binding site of the 
protein thereby preventing binding to cellular binding molecules, such that normal biological 
activity is prevented. Examples of small molecules include but are not limited to small organic 
molecules, peptides or peptide-like molecules. Other potential antagonists include antisense 
molecules (see Okano, J. Newochem. 56: 560 (1991); OLIGODEOXYNUCLEOTIDES AS 
AimSENSE INHIBITORS OF GENE EXPRESSION, CRC Press, Boca Raton, FL (1988), for 
a description of these molecules). Preferred potential antagonists include compounds related 
to and variants of FrpB. 



The invention also provides the use of the protein, polynucleotide, agonist or antagonist of 
the invention to interfere with the initial physical interaction between a pathogen or . 
pathogens and a eukaryotic, preferably mammalian, host responsible for sequelae of 
mfection. In particular, the molecules of the invention may be used: in the prevention of 
adhesion of bacteria, in particular gram positive and/or gram negative bacteria, to 
eukaiyqtic, preferably mammdim, extract matrix proteins onm-dwelling devices or 
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to extracellular matrix proteins in wounds; to block bacterial adhesion between eukaryotic, 
preferably mammalian, extracellular matrix proteins and bacterial FrpB proteins that 
mediate tissue damage and/or; to block the normal progression of pathogenesis in infections 
initiated other than by the implantation of in-dwelling devices or by other surgical 
5 techniques. 

In accordance with yet another aspect of the invention, there are provided FrpB agonists and 
antagonists, preferably bacteristatic or bactericidal agonists and antagonists. 

10 The antagonists and agonists of the invention may be employed, for instance, to prevent, 
inhibit and/or treat diseases. 

Vaccines 

1 5 Another aspect of the invention relates to a metiiod for inducmg an inmiunological response 
in an individual, particularly a mammal, preferably humans, which comprises inoculating 
tiie individual witii FrpB protein of tiie present invention, or a ftagment or variant thereof 
adequate to produce antibody and/ or T cell immune response to protect said individual 
from infection, particularly bacterial infection and most particularly Neisseria meningitidis 

20 infection. Also provided are methods whereby such immunological response slows 
bacterial replication. 

A further aspect of the invration relates to an immunolo^cal composition tiiat when 
introduced into an individual, preferably a human, capable of having induced witiiin it an 
25 immunological response, induces an immunological response m such individual to a FipB 
protein of the present invention, wherein the composition comprises a recombinant FrpB of 
tiie invention. The immunological response may be used tiierapeutically or prophylactically 
and may take tiie form of antibody immunity and/or cellular immunity, such as cellular 
immunity arising from CTL or CD4+ T cells. 



30 



A FrpB protein, variant or a fragment tiiiereof may be fused witii co-protem or chemical 
moiety which may or may not by itself produce antibodies, but which is capable of 
stabilizing the first protein and producing a fused or modified protein which will have 
antigenic and/or immunogenic properties, and preferably protective properties. The co- 
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protein may act as an adjuvant in the sense of providing a generalized stimulation of the 
immune system of the organism receiving the protein. 

Also provided by this invention are compositions, particularly vaccine compositions, and 
5 methods comprising the proteins of the invention and immunostimulatory DNA sequences, 
such as those described in Sato, Y, et al. Science 273: 352 (1996). 

The invention thus also includes a vaccine formulation which comprises an immunogenic 
protein of the invention or a fragment or a variant thereof together with a suitable carrier, 

10. such as a pharmaceutically acceptable carrier. Since tiie proteins may be broken down in 
tiie stomach, each is preferably administered parenterally, including, for example, 
administration that is subcutaneous, intramuscular, intravenous, or intradermal. 
Formulations suitable foir parenteral administration include aqueous and non-aqueous sterile 
injection solutions which may contain anti-oxidants, buffers, bacteristatic compoimds and 

1 5 solutes which render the formulation isotonic with tiie bodily fluid, preferably tiie blood, of 
the individual; and aqueous and non-aqueous sterile suspensions which may include 
suspending agents or tiiickening agents. The formulations may be presented in unit-dose or 
multi-dose containers, for example, sealed ampoules and vials and may be stored in a 
freeze-dried condition requiring only the addition of the sterile liquid carrier immediately 

20 prior to use. 

The vaccine formulation of the invention may also include adjuvant systems for 
enhancing the immunogenicity of the formulation. Typically alvmiinium phosphate or 
aluminium hydroxide may be used. Preferably the adjuvant system raises preferentially a 
25 THl type of response. 

An immune response may be broadly distinguished into two extreme categories, being a 
hiunoral or cell mediated immime responses (traditionally characterised by antibody and 
cellular efifector mechanisms of protection respectively). These categories of response 
30 have been termed THl-type re^onses (cell-mediated response), and TH2-type immune 
responses (humoral response). . . 

Extreme THl-type immime responses may be characterised by the generation of antigen 
specific, haplotype restricted cytotoxic T lymphocytes, and natural killer cell responses. 
35. ..Mmice THl.-type responses are often characterised by thegeneration of antibodies of the - 
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IgG2a subtype, whilst in the human these correspond to IgGl type antibodies. TH2-type 
immune responses are characterised by the generation of a broad range of 
immunoglobulin isotypes including in mice IgGl, IgA, and IgM. 

It can be considered that the driving force behind the development of these two types of 
immune responses are cytokines. High levels of THl-type cytokines tend to favour the 
uiduction of cell mediated immune responses to the given antigen, whilst high levels of 
TH2-type cytokmes tend to fevour the induction of humoral immune responses to the 
antigen. 



10 



The distinction of THl and TH2-type immune responses is not absolute. In reality an 
individual will support an immune response which is described as being piedommantiy 
IHl or predominantiyTH2. However, it is often convenient to consider the families of 
cytokines m terms of tiiat described in murine CD4 +ve T cell clones by Mosmami and 
1 5 Coffinan {Mosmam. T.R. and Coffirum, R.L. (1989) THl and TH2 cells: different 

patterns oflymphokine secretion lead to different functional properties. Annual Review of 
Immunology. 7. pi^^"^ 73). Traditionally, THl -type responses are associated with the 
production of tiie INF-y and TL-2 cytokines by T-lymphocytes. Crther cytokines often 
directiy associated with the induction of THl-type immune responses are not produced by 
20 T-cells, such as IL-12. In contrast, TH2- type responses arc associated with the secretion 
of IL-4, IL-5, IL-6 and IL-13. 

It is known tiiat certain vaccine adjuvants are particularly suited to tiie stimulation of 
eitiier THl or TH2 - type cytokine responses. Traditionally tiie best indicators of tiie 
25 THl :TH2 balance of tiie immune response after a vaccination or infection includes direct 
measurement of tiie production of THl or TH2 cytokines by T lymphocytes in vitro after 
restimulation witii antigen, and/or tiie measurement of tiie IgGl :IgG2a ratio of antigen 
specific antiboify responses. 

30 Thus, a THl-type adjuvant is one which preferentially stimulates isolated T-cell 
populations to produce high levels of THl-type cytokines when re-stimulated witii 
antigen in vitro, and promotes development of botii CD8+ cytotoxic T lymphocytes and 
antigen specific immunoglobulin responses associated witii THl-type isotype. 



35 Adjuvants which are capable of preferential stimulation of tiie THl cell response 



are 
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described in International Patent Application No. WO 94/00153 and WO 95/17209. 

3 De-O-acylated monophosphoryl lipid A (3D-MPL) is one such adjuvant. This is known 
from GB 222021 1 (Ribi). Chemically it is a mbcture of 3 De-O-acylated 
5 monophosphoryl lipid A with 4, 5 or 6 acylated chains and is manufactured by Ribi 

Immimochem, Montana. A preferred form of 3 De-O-acylated monophosphoryl lipid A 
is disclosed in European Patent 0 689 454 Bl (SmithKline Beecham Biologicals SA). 

Preferably, the particles of 3D-MPL are small enough to be sterile filtered through a 
1 0 0.22micron membrane (European Patent number 0 689 454). 3D-MPL will be present m 
the range of lOfig - lOO^g preferably 25-50^g per dose wherein the antigen will ^ically 
be present in a range 2-50|ag per dose. 

Another preferred adjuvant comprises QS21, an Hplc purified non-toxic firaction derived 
1 5 &om the bark of Quillaja Saponaria Molina. Optionally this may be admixed with 3 De- 
O-acylated monophosphoryl lipid A (3D-MPL), optionally together with a carrier. 

The method of production of QS21 is disclosed in US patent No. 5,057,540. 

20 Non-reactogenic adjuvant formulations containing QS21 have been described previously 
(WO 96/33739). Such formulations comprising QS21 and cholesterol have been shown 
to be successful THl stimulating adjuvants when formulated together with an antigen. 

Further adjuvants which are preferratial stimulators of THl cell response include 
25 immunomodulatory oligonucleotides, for example unmethylated CpG sequences as 
disclosed in WO 96/02555. 

Combinations of different THl stimulating adjuvants, such as those mentioned 
hereinabove, are also contemplated as providing an adjuvant which is a preferential 
30 stimulator of THl cell response. For example, QS21 can be formulated together with 3D- 
MPL. The ratio of QS21 : 3D-MPL will typically be in the order of 1 : 10 to 10 : 1;. 
preferably 1 :5 to 5 : 1 and often substantially 1:1. The preferred range for optimal 
synergy is 2.5 : 1 to 1 : 1 3D-MPL: QS21. 
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Preferably a carrier is also present in the vaccine composition according to the invention. 
The carrier may be an oil in water emulsion, or an aluminium salt, such as aluminium, 
phosphate or aluminium hydroxide. 

A preferred oil-in-water emulsion comprises a metabolisible oil, such as squalene, alpha 
tocopherol and Tween 80. In a particularly preferred aspect the antigens in the vaccine 
composition according to the mvention are combmed v^th QS21 and 3D-MPL in such an 
emulsion. Additionally the oil in water emulsion may contain span 85 and/or lecithin 
and/or tricaprylin. 



10 



Typically for human administration QS21 and SD-MPL v^U be present in a vaccine in the 
range of l^g - 200^g, such as 10-lOOjig. preferably lOjig - SOjig per dose. Typically the 
oil in water will comprise from 2 to 10% squalene, from 2 to 10% alpha tocopherol and 
from 0.3 to 3% tween 80. Preferably the ratio of squalene: alpha tocopherol is equal to. 
1 5 or less than 1 as this provides a more stable emulsion. Span 85 may also be present at a 
level of 1%. In some cases it may be advantageous that tfie vaccines of the present 
invention will further contain a stabilise. 

Non-toxic oil in water emulsions preferably contain a non-toxic oU, e.g. squalane or 
20 squalene. an emulsifier. e.g. Tween 80. in an aqueous carrier. Tbc aqueous carrier may 
be, for example, phosphate buffered saline. 

A particularly potent adjuvant formulation involving QS21,3D-MPL and tocopherol in 
an oil in water emulsion is described in WO 95/17210. 



25 



The present invention also provides a polyvalent vaccine composition comprising a vaccine 
formulation of the invention in combination with other antigens, in particular antigens useful 
for treating cancers, autoimmune diseases and related conditions. Such a polyvalent vaccine 
composition may includeaTH-1 inducing adjuvant as hereinbefore described. 



30 



Subunit composition 



nie composition of tiie present invention may be in tiie form of a subunit composition. 
When tiie FrpB protein of tiie invention (whettier mutant or not) is in a folded 
35 conformationitispreferablyintiieformofsuchasubunitvaccine. Subunit compositions 
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are compositions in which the components have been isolated and purified to at least 
50%, preferably at least 60%, 70%, 80%, 90% pure before mbdng the components to 
form the antigenic composition. 



5 Subunit compositions may comprise aqueous solutions of water soluble proteins. They 
may comprisis detergent, preferably non-ionic, zwitterionic or ionic detergent in order to 
soiubilise hydrophobic portions of the antigens. They may comprise lipids so that 
liposome structures could be formed, allowing presentation of antigens with a structure 
that spans a lipid membrane. Further details on compositions is given below. 

10 

Outer membrane vesicle preparations 

The composition of the present invention may also be in tiie form of an outer membrane 
vesicle preparation, particularly when the composition comprises the mutant FrpB protein of 
15 the present invention. 

N. meningitidis serogroup B (menB) excretes outer membrane blebs in sufficient quantities to 
allow their manufacture on an industrial scale. An outer membrane vesicles may also be 
. prepared via the process of detergent extraction of tiie bacterial cells (see for example EP 
20 11243). . 

The inmiunogenic composition of the invention may also comprise an outer 
membrane vesicle preparation having at least two antigens vAdch have been 
recombinantiy upregulate^. Examples of antigens v^ch would be upregulated in such 
25 a outer membrane vesicle preparation in addition to tiie FrpB protein of the present 

invention mclude; NspA, Hsf, Hap, OMP85, TbpA (high), TbpA (low), LbpA, TbpB, 
LbpB, PilQ and PldA. Such preparations would optionally also comprise either or 
both of LPS inununotype L2 and LPS inununotype L3 . 

30 The manufacture of bleb preparations from Neisserial strains may be achieved by any of the 
methods well known to a skilled person. Preferably the methods disclosed in BP 301992, US 
5,597,572, EP 1 1243 or US 4,271,147, Frederikson et al. (NIPH Annals [1991], 14:67-80), 
Zollinger et al. (J. Clin. Invest [1979], 63:836-848), Saunders et al. (Infect. Immun. [1999], 
67: 1 13-1 19), Drabick et al. (Vaccine [2000], 1 8: 160-172) or WO 01/093 50 (Example 8) are 

35 used. In general, OMVs are extracted with a detergent, preferably deoxycholate, and nucleic 
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acids are optionally removed enzymatically. Purification is achieved by ultracentrifagation 
optionally foUowed by size exclusion chromatography. If 2 or more different blebs of the 
invention are included, they may be combined in a single container to form a multivalent 
preparation of the invention (although a preparation is also considered multivalent if the 
different blebs of the mvention are separate compositions m separate containers which are 
administered at the same time [the same visit to a practitioner] to a host). OMV preparations 
are usually sterilised by filtration through a 0.2 ^m filter, and are preferably stored in a 
sucrose solution (e.g. 3%) which is known to stabUise the bleb preparations. 

Upregulation of proteins within outer membrane vesicle preparations may be achieved by 
insertion of an extra copy of a gene into the Neisserial strain fi-om which the OMV 
preparation is derived. Altematively, the promoter of a gene can be exchanged for a stronger 
promoter in the Neisserial stram from which the OMV preparation is derived. Such 
techniques are described in WOOl/09350. If an extra copy of the gene is introduced, it too 
can have a non-native strong promoter attached for overexpression. Upregulation of a protein 
wUl lead to a higher level of protein being present in OMV compared to the level of protein 
present m OMV derived from unmodified N. meningitidis (for instance strain H44/76). 
Preferably the level will be 1.5, 2, 3, 4, 5, 7, 10 or 20 times higher. 

Where LPS is intended to be an additional antigen m the OMV, a protocol using a low 
concentration of extracting detergent ( for example deoxycholate or DOC) may preferably be 
used in the OMV preparation method so as to preserve high levels of bound LPS whilst 
removing particularly toxic, poorly bound LPS. The concentration of DOC used is preferably 
0-0.3% DOC, more preferably 0.05%-0.2% DOC, most preferably around 0.1% DOC. 

"Stronger promoter sequence" refers to a regulatory control element tiiat increases 
transcription for a gene encoding antigen of interest. 

'TJpregulating expression" refers to any means to enhance the expression of an antigen of 
) interest, relative to that of the non-modified (i.e.. naturally occurring) bleb. It is understood 
tiiat the amount of 'upregulation' wiU vary depending on tiie particular antigen of interest but 
wUl not exceed an amount tiiat will disrupt the membrane integrity of the bleb. Upregulation 
of an antigen refers to expression that is at least 10% higher tiian that of the non-modified 
bleb. Preferably it is at least 50% higher. More preferably it is at least 100% (2 fold) higher. 
5 Ahematively or additionally, upregulating expression may refer to rendering expression non- 
conditional on metabolic or nutritional changes, particularly in the case of FrpB, TbpA, TbpB, 
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LbpA and LbpB. In general where FrpB is overexpressed in an bleb this may be done by 
removing regulatory sequences from the promoter, or by replacement of the promoter for a 
strong, non-regulated promoter such as PorA. 

5 Again for the purpose of clarity, the terms 'engineering a bacterial strain to produce less of 
said antigen' or down regulation refers to any means to reduce the expression of an antigen 
(or the expression of a functional gene product) of interest, relative to that of the non- 
modified (i.e., naturally occurring bleb), preferably by deletion, such that expression is at least 
10% lower than that of the non-modified bleb. Preferably it is at least 50% lower and most 
1 0 preferably completely absent. If the down regulated protein is an enzyme or a functional 

protein, the downregulation may be achieved by introducing one or more mutations resulting 
in a 10%, 20%, 50%, 80% or preferably a 100% reduction in enzymatic or functional activity. 

The engineering steps required to modulate the expression of Neisserial proteins can be 
1 5 canied out in a variety of ways known to the skilled person. For instance, sequences (e.g. 

promoters or open reading frames) can be inserted, and promoters/genes can be disrupted by 
the technique of transposon insertion. For instance, for upregulating a gene's expression, a 
strong promoter could be inserted via a transposon up to 2 kb upstream of the gene's initiation 
codon (more preferably 200-600 bp upstream, most preferably approxunately 400 bp 
20 upstream). Point mutation or deletion may also be used (particularly for down-regulating 
expression of a gene). 

Such methods, however, may be quite unstable or uncertain, and therefore it is preferred that 
the engineering step is performed via a homologous recombination event. Preferably, the 

25 event takes place between a sequence (a recombinogenic region) of at least 30 nucleotides on 
the bacterial chromosome, and a sequence (a second recombinogenic region) of at least 30 
nucleotides on a vector transformed within the strain. Preferably the regions are 40-1000 
nucleotides, more preferably 100-800 nucleotides, most preferably 500 nucleotides). These 
recombinogenic regions should be sufficientiy similar that they are capable of hybridising to 

30 one another under hi^tHy stringent conditions. 

Methods used to carry out the genetic modification events herein described (such as 
the upregulation or downregulation of genes by recombination events and the 
introduction of further gene sequences into a Neisserial genome) are described in 
35 WOOl/093 50. Typical strong promoters that may be integrated in Neisseria are porA^ 
porB^ IgtFy Ov?^ ist> and hpuAB. PorA and PorB are preferred as constitutive,. 
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strong promoters. It has been established that the PorB promoter activity is contained 
in a fragment corresponding to nucleotides -1 to -250 upstream of the initation codon 
of porB. 



Many surfece antigens are variable among bacterial strains and as a consequence are 
protective only against a limited set of closely related strains. An aspect of this 
invention covers outer membrane vesicles of the invention in which the expression of 

) other protems is reduced, or, preferably, gene(s) encoding variable surfece protein(s) 
are deleted. Such deletion results in a bacterial strain producing blebs which, when 
administered in a vaccine, have a stronger potential for cross-reactivity against 
various strains due to a higher influence exerted by conserved protems (retained on 
the outer membranes) on the vaccinee's immune system. Examples of such variable 

5 antigens in Neisseria that may be dowmegulated in the bleb unmunogenic 

compositions of the invention include PorA, PorB, Opa. 

Other types of gene that could be down-regulated or switched off are genes which, in 
vivo, can easily be switched on (expressed) or off by the bacterium. As outer 
)0 membrane proteins encoded by such genes are not always present on the bacteria, the 
presence of such protems in the bleb preparations can also be detrimental to the 
effectiveness of the vaccme for the reasons stated above. A preferred example to 
down-regulate or delete is Neisseria Opc protein. Anti-Opc immunity induced by an 
Opc containing bleb vaccine would only have limited protective c^ty as the 
25 infecting organism could easily become Opc". 

For example, these variable or non-protective genes may be down-regulated m 
expression, or terminally switched off This has the advantage of concentratmg the 
immune system on better antigens that are present m low amounts on the outer surface 
30 of blebs. By down-regulation it is also meant that surface exposed, variable 

. immunodominant loops of the above outer membrane protems may be altered or 
deleted in order to make the resulting outer membrane protein less immunodominant 
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Methods for downregulation of expression are disclosed in WOOl/09350. Preferred 
combinations of proteins to be downregulated in the bleb immunogenic compositions 
of the invention include PorA and Op A; PorA and OpC; OpA and OpC; PorA and 
OpAandOpC. 

Detoxification of LPS 

The blebs in the inmiunogenic compositions of the invention xnay be detoxifieid via 
methods for detoxification of LPS which are disclosed in WOOl/09350. In particular 
methods for detoxification of LPS of the invention involve the downregulation of htrB 
and/or msbB enzymes are disclosed in WOOl/09350. Such methods are preferably . 
combined with methods of bleb extraction involving low levels of DOG, preferably 0- 
b.3% DOC, more preferably 0.05%-0,2% DOC, most preferably around 0.1% DOC. 

Cross-reactive polvsaccharides 

The isolation of bacterial outer-membrane blebs firom encapsulated Gram-negative 
bacteria often results in the co-purification of capsular polysaccharide. In some cases, 
this '"contaminant" material may prove uSefiil since polysaccharide may enhance the 
immune response conferred by other bleb componrats. In other cases however, the 
presence of contaminating polysaccharide material in bacterial bleb preparations may 
prove detrimental to the use of the blebs in a vaccine. For instance, it has been shown 
at least in the case ofK meningitidis that the serogroup B capsular polysaccharide 
does not confer protective immunity and is susceptible to induce an adverse auto- 
immime response in humans. Consequentiy, outer membrane vesicles of the invention 
may be isolated firom a bacterial strain for bleb production, which has been engineered 
such that it is firee of capsular polysaccharide. The blebs will then be suitable for use 
in humans. A particularly preferred example of such a bleb preparation is one firom K 
meningitidis serogroup B devoid of capsular polysaccharide. 

This may be achieved by using modified bleb production strains in ^dbich the genes 
necessary for capsular biosyntiiesis and/or export have been impaired. Inactivation of 
the gene coding for capsular polysaccharide biosynthesis or export can be achieved by 
mutating ^oint mutation, deletion or insertion) dther the control region, the coding 
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region or both (preferably using the homologoxas recombination techniques described 
above), or by any other way of decreasing the enzymatic function of such genes. 
Moreover, inactivation of capsular biosynthesis genes may also be achieved by 
antisense over-expression or transposon mutagenesis. A preferred method is the 
deletion of some or all of the Neisseria meningitidis cps genes required for 
polysaccharide biosynthesis and export. For this purpose, the replacement plasmid 
PMF121 (described in Frosh et al.l990, Mol Microbiol. 4:1215-1218) can be used to 
deliver a mutation deleting the cpsCAD (+ galE) gene cluster. 

Preferably the siaD gene is deleted, or down-regulated in expression or the gene 
product enzymatically inactivated by any other way (the meningococcal siaD gene 
encodes alpha-2,3-sialyltransferase, an enzyme required for capsular polysaccharide 
and LOS synthesis). This mutation is preferred in order to cause minimum disruption 
to LPS epitopes vWch are preferably conserved in the preparations of the invention. 

In bleb preparations, particularly in preparations extracted with low DOC 
concentrations LPS may be used as an antigen in the unmunogenic composition of the 
invention. It is however advantageous to downregulate/delete/inactivate enzymatic 
fiinction of either the IgtE or preferably IgtB genes/gene products m order to remove 

human like lacto-N-neotetraose structures. The Neisserial locus (and sequence 
thereof) comprising the Igt genes for the biosynthesis of LPS oligosaccharide structure 
is known in the art (Jennings et al Micorbiology 1999 145; 3013-3021). 
Downregulation/deletion of IgtB (or functional gene product) is preferred smce it 
leaves the LPS protective epitope intact, hi N. meningitidis serogroup B bleb 
) preparations of the mvention, the downregulation/deletion of both siaD and IgtB is 
preferred, leading to a bleb preparation witii optimal safety and LPS protective 
epitope retention. 

Immunogenic composition of the invention may comprise at least, one, two, three, 
0 four or five diflEerent outer membrane vesicle preparations. Where two or more OMV 
preparations are mcluded, at least one antigen of the invention is upregulated m each 
OMV. Such OMV preparations may be derived fiom Neisserial strains of the same 
species and serogroup or preferably from Neisserial strains of different class, 
serogroup, serotype, subserotype or immunotype. For example, an immunogenic 
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composition may comprise one or more outer membrane vesicle preparation(s) which 
contains LPS of inmiunotype L2 and one or more outer membrane vesicle preparation 
which contains LPS of inmiimotype L3. L2 or L3 OMV preparations are preferably 
derived firom a stable strain which has minimal phase variability in the LPS 
5 oligosaccharide syntiiesis gene locus. 



Combinations 

The immunogenic compositions of the present invention, Aether in subunit or outer 
1 0 membrane vesicle form, may also comprise at least one or more of the following: 

a. one or more subimit vaccines; 

b. one or more outer membrane proteins with one or more antigens upregulated; 
and 

c. amixtureof a. andb. 

15 

Any one of more of a - c may include an FipB protein of fhe present invention. 

The immunogenic compositions of the invention may thus also comprise both a 
subunit composition and an outer membrane vesicle. 

20 

The outer membrane vesicle preparation may have at least one different antigen 
selected from the following list which has been recombinantiy upregulated in an outer 
membrane vesicle: NspA, Hsf, Hap, OMP85, TbpA (high), TbpA (low), LbpA, 
TbpB, LbpB, NadA, TspA, TspB, PilQ and PldA; and optionally comprise either or 
25 botii of LPS immunotype L2 and LPS immxmotype L3 . 

There are several antigens that are particularly suitable for inclusion in a subunit 
composition due to their solubility. Examples of such proteins include; FhaB, NspA, 
passenger donoiain of Hsf, passenger domain of Hap, OMP8S, FrpA, FrpC, TbpB, 
30 LbpB,PilQ. 



Neisserial infections progress through several different stages. For example, tiie 
meningococcal life cycle involve nasopharyngeal colonisation, mucosal attaclunent, 
crossing into the bloodstream^ multiplication in the blood, induction of toxic shock. 
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crossing the blood^rain barrier and multiplication in Ihe cerebrospinal fluid and/or the 
meninges. Different molecules on the surface of the bacterium will be involved in 
different steps of the infection cycle. By targeting the immune response against an 
effective amount of a combination of particular antigens, involved in different processes 
5 of Neisserial mfection, a Neisserial vaccine with surprisingly high efficacy can be 
achieved. 

In particular, combinations of certain antigens from different classes with the FrpB 
protein of the invention can elicit an immune response which protects against multiple 
10 stages of infection. Such combinations of antigens can surprisingly lead to synergistically 
improved vaccine efficacy against Neisserial infection where more tiiat one fimction of 
the bacterium is targeted by the immune response in an optimal feshion. Some of the 
fiirther antigens which can be included are involved m adhesion to host cells, some are 
involved in iron acquisition, some are antottansporters and some are toxins. 



15 



20 



The efficacy of vaccines can be assessed through a variety of assays. Protection assays in 
animal models are well known m the art Furthermore, serum bactericidal assay (SBA) is 
the most commonly agreed immunological marker to estimate tiie efficacy of a 
meningococcal vaccine (Perkins et al. J Infect Dis. 1998. 177:683-691). 



Some combinations of antigens can lead to improved protection in animal model assays 
and/or synergistically higher SBA titres. Without wishing to be bound by theory, such 
synergistic combmations of antigens are enabled by a number of characteristics of the 
immune response to the antigen combination. The antigens themselves are usually surfece 
25 exposed on tiie Neisserial cells and tend to be conserved but also tend not to be present in 
sufficient quantity on the surface cell for an optimal bactericidal reqwnse to take place 
using antibodies elicited against tiie antigen alone. Combining the antigens of the 
invention can result in a formulation eliciting an advantageous combination of 
bactericidal antibodies which mteract with tiie Neisserial cell beyond a critical threshold. 
30 At tills critical level, sufficient antibodies of sufficient quality bind to the surfece of tiie 
bacterium to allow efficient killing by complement and much higher bactericidal effects 
are seen as a consequence. As serum bactericidal assays (SBA) closely reflect tiie efficacy 
of vaccine candidates, tiie attainment of good SBA titires by a combmation of antigens is a 
good indication of tiie protective efficacy of a vaccine containing tiiat combination of 
35 antigens. 
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An additional advantage of the invention is that the combination of the antigens of the 
invention from difierent families of proteins in an inmiunogenic composition will enable 
protection against a wider range of strains. 

5 

The invention thus also relates to immunogenic compositions comprising a plurality of 
proteins selected from at least two different categories of protein, having different 
functions within Neisseria. Examples of such categories of proteins are adhesins, 
autotransporter proteins, toxins and Fe acquisition proteins. The vaccine combinations of 
10 the invention show surprising improvement in vaccine efficacy against homologous 

Neisserial strains (strains from which the antigens are derive(Q and preferably also a^inst 
heterologous Neisserial strains. 

In particular, the invention provides immunogenic compositions that comprise at least 
1 5 two, three, four five, six, seven, eight, nine or ten different additioanl Neisseria antigens 
selected fix>m at least two, three, four or five groups of proteins selected from Hie 
following: 

a. at least one Neisserial adhesin selected from the group consisting of FhaB, Hsf 
20 andNadA; 

b. at least one Neisserial autotransporter selected from the group consisting of Hsf, 
Hap andNadA; 

c. at least one Neisserial toxin selected from the group consisting of FrpA, FrpC, 
and either or both of LPS inununotype L2 and LPS immimotype L3; 

25 d. at least one Neisserial Fe acquisition protein selected from the group consisting of 
TbpA, TbpB, LbpA and LbpB; and 

e. at least one Neisserial outer membrane protein selected from the group consisting 
of TspA, TspB, NspA, PilQ, OMP85, and PldA. 

30 Preferably the first four (and most preferably all five) groups of antigen are represented in 
the inmiunogenic composition of the invention. ... 

As previously mentioned where a protein is specifically mentioned herein, it is preferably 
a reference to a native, full-length protein but it may also encompass antigenic fragments 
35 thereof (pariicularly in the conte 
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or comprising at least 10 amino acids, preferably 20 amino acids, more preferably 30 
amino acids, more preferably 40 amino acids or most preferably 50 amino acids, taken 
contiguously from the amino acid sequence of the protein. In addition, antigenic 
fragments denotes fragments that are immunologically reactive with antibodies generated 
against the Neisseriai proteins or with antibodies generated by infection of a mammalian 
host with Neisseria. Antigenic fragments also includes fragments that when administered 
at an effective dose, elicit a protective unmune response against Neisseriai infection, 
more preferably it is protective against JST. meningitidis and/or M gonorrhoeae infection, 
most preferably it is protective against meningitidis serogroup B infection. 



10 



Also included in the invention are recombinant fusion proteins of Neisseriai proteins of 
the invention, or fragments thereof. These may combine difBsrent Neisseriai proteins or 
fragments thereof in the same protein. Alternatively, the invention also includes 
individual fusion proteins of Neisseriai proteins or fragments thereof, as a fiision protein 
1 5 with heterologous sequences such as a provider of T-cell epitopes, or viral surfece 
proteins such as influenza virus haemagglutinin, tetanus toxoid, diphtheria toxoid, 
CRM197. 



Addition antigens of the invention 



20 



Adhesins 

Adhesins include FhaB (WO98/02547), NadA (J. Exp.Med (2002) 195:1445. These are 
proteins that are involved in the binding of Neisseria to the surfece of host cells. Hsf is 
another example of an adhesin, as well as being an autotranporter protein. Immunogenic 
25 compositions of the invention may therefore include combinations of Hsf and other 
autotransporter proteins where Hsf contributes in its capacity as an adhesin. These 
adhesins may be derived from Neisseria meningitidis or Neisseria gonorrhoeae or other 
Neisseriai strains. The invention may also include other adhesins from Neisseria. 

30 FhaB 

This antigen has been described in WO98/02547 SEQ ID NO 38 (nucleotides 3083- 
9025). It has been found that FhaB is particularly effectively at inducing anti-adhesive 
antibodies alone. Although full length FhaB could be used, it has been found that 
particular C-terminal truncates are surprismgly at least as effective and preferably even 
35 more effective m terms of cross-strain effect Such truncates have also been 
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advantageously shown to be far easier to clone. FhaB truncates typically correspond to 
the N-terminal two-thirds of the FhaB molecule, preferably the new C-terminus being 
situated at position 1200-1600, more preferably at position 1300-1500, and most 
preferably at position 1430-1440. Specific embodiments have the C-terminus at 1433 or 
1436. The N-terminus may also be truncated by up to 10, 20, 30, 40 or 50 amino acids. 

Autotransporter proteins 

Autotransporter proteins typically are made up of a signal sequence, a passenger domain 
and an anchoring domain for attachment to the outer membrane. Examples of 
autotramsporter protems include Hsf (W099/31132), HMW, Hia (van Ulsen et al 
Immunol. Med. NficrobioL 2001 32; 53-64), Hap (W099/55873; van Ulsen et al 
InununoL Med. Microbiol. 2001 32; 53-64), UspA, UspA2, NadA (Comanducci et al J. 
Exp. Med. 2002 195; 1445-1454), Aida-1 like protein, SSh-2 and Tsh. NadA is another 
example of an autotransporter proteins, as well as being an adhesin. Immunogenic 
compositions of the invention may therefore include combinations of NadA and NspA 
and/or otiier adhesins where NadA contributes in its capacity as an autotran^orter 
protein. These proteins may be derived from Neisseria meningitidis or Neisseria 
gonorrhoeae or other Neisserial strains. The invmtion may also include other 
autotransporter proteins from Neisseria. 

Hsf 

Hsfhas a structure that is conmion to autotransporter proteins. For example, Hsf from N. 
meningitidis strain H44/76 consists of a signal sequence made up of amino acids 1-51, a 
head region at the amino terminus of the mature protein (ammo acids 52-479) that is 
surface exposed and contains variable regions (amino acids 52-106, 121-124, 191-210 
and 230-234), a neck region (amino acids 480-509), a hydrophobic alpha-helix region 
(amino acids 518-529) and an anchoring domain in which four transmembrane strands 
span the outer membrane (amino acids 539-591). 

Although full length Hsf may be used in immunogenic compositions of the invention, 
various Hsf truncates and deletions may also be advantageously used depending on the 
type of vaccine. 

Where Hsf is used in a subunit vaccine, it is preferred that a portion of the soluble 
passenger domain is used; for instence die complete domain of amino, acids 52 to 479, 
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most preferably a conserved portion thereof, for instance the particularly advantageous 
sequence of amino acids 134 to 479. Preferred forms of Hsf may be truncated so as to 
delete variable regions of the protein disclosed in WOOl/551 82. Preferred variants would 
include the deletion of one, two, three, four, or five variable regions as defined in 
5 WOOl/551 82. The above sequences and those described below, can be extended or 
truncated by up to 1. 3, 5, 7, 10 or 15 ammo acids at either or both N or C termini. 

Preferred fragments of Hsf therefore include the entire head region of Hsf, preferably 
containing amino acids 52-473. Additional preferred fragments of Hsf include surfece 
1 0 e^qwsed regions of the head including one or more of the following ammo acid 

sequences; 52-62, 76-93, 116-134, 147-157. 157-175, 199-211, 230-252, 252-270, 284- 
306, 328-338, 362-391, 408-418, 430-440 and 469-479. 

Where Hsf is present in an outer membrane vesicle preparation, h may be expressed as 
15 the full-length protein or preferably as an advantageous variant made up of a fiision of 
amino acids 1-51 and 134-591(yielding a mature outer membrane protein of amino acid 
sequence 134 to the C-terminus). Preferred forms of Hsf may be truncated so as to delete 
variable regions of the protein disclosed m WOOl/55182. Preferred variants would 
mclude the deletion of one, two, three, four, or five variable regions as defined in 
20 WOOl/55182. Preferred variants would delete residues from between amino acid 

sequence 52 through to 237. more preferably deleting residues between amino acid 52 
through to 133. The mature protein would lack the signal peptide. 

Hap 

25 Computer analysis of the Hap-like protein from Neisseria meningitidis reveals at least 
three structural domains. Considering the Hap-like sequence from strain H44/76 as a 
reference, Domain 1. comprising amino-acid 1 to 42, encodes a sec-dependant signal 
peptide characteristic of the auto-transporter family. Domain 2. comprising amino-acids 
43 to 950, encode the passenger domain likely to be surface exposed and accessible to the 
30 immune system. Domain 3. comprising residues 951 to the C-terminus (1457), is 

predicted to encode a beta-strands Ukely to assemble into a barrel-like structure and to be 
anchored into the outer-membrane. Since domains 2 is likely to be surface-exposed, well 
conserved (more lhan 80% in all stram tested) and could be produced as subunit antigens 
in E. coli, it represents an interesting vaccine candidates. Since domains 2 and 3 are 
35 likely to be surfece-exposed, are well conserved (Pizza et al (2000), Science 287: 1816- 



P149gOGB 




1 820), they represent interesting vaccine candidates. Domain 2 is known as the passenger 
domain. 

Immunogenic compositions of the invention may also comprise the full-length Hap 
5 protein, preferably incorporated into an OMV preparation. Immunogenic compositions of 
the invention may also comprise the passenger domain of Hap which in strain H44/76 is 
composed of amino acid residues 43-950. This fragment of Hap would be particularly 
advantageously used in a subunit composition of the invention. The above sequence for 
the passenger domain of Hap can be extended or.truncatBd by up to 1, 3, 5, 7, 10 ,15, 20, 
. 10 25, or 30 amino acids at either or both N or C termini. 

Iron acquisition proteins 

Iron acqpiisition proteins include TbpA (WO92/03467, US5912336, WO93/06861 and 
EP586266), TbpB (WO93/06861 and EP586266), LbpA (Med Microbiol (1999) 

15 32:1 117), LbpB (WO/99/09176) , FbpA, FbpB, BfrA, BfrB, HmbR. HemH, Bcp, Iron 

(DDO ABC tran^rter-permease protein (Tettelin et al Science 287; 1809-1815 2000), Iron 
(HI) ABC transporter - periplasmic (Tettelin et al Science 287; 1 809-1 815 2000), TonB- 
dependent receptor Clettelin et al Sci«aice 287; 1809-1 815 2000) and transferrin binding 
protein related protein (Tettelin et al Science 287; 1809-1815 2000). TTiese proteins may 

20 be derived fix)m Neisseria meningUidis, Neisseria gonorrhoeae or o&er Neisserial strains. 
The invention may also include other iron acquisition proteins from Neisseria. 

TbpA 

TbpA interacts with TbpB to form a inx>tein complex on the outer membrane of Neisseria, 
25 which binds transferrin. Structurally, TbpA contains an intracellular N-terminal domain 
with a TonB box and plug domam, multiple transmembrane beta strands linked by short 
intracellular and longer extracellular loops. 

Two families of TbpB have been distinguished, having a high molecular weight and a low 
30 molecular weight respectively. High and low molecular weight forms of TbpB associate 
with different fiimilies of TbpA which are distinguishable on the basis of homology. 
Despite being of similar molecular weight, they are known as the high molecular wei^t 
and low molecular wei^t families because of their association with the high or low 
molecular weight form of TbpB (Rokbi et al FEMS Microbiol. Lett 100; 51, 1993). The 
36 terms TbpAOiigh) and TbpAQow) are used to refer to these two fo of TbpA, and 
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similarly for TbpB. Immunogenic compositions of the invention may comprise TbpA and 
TbpB from serogroups A. B. C, Y and W-BS ofN. meningitidis as well as iron 
acquisition proteins from other bacteria including K gonorrhoeae. Transferrin binding 
proteins TbpA and TbpB have also been referred to as Tbpl and Tbp2 respectively 
6 (Comelissen et al Infection and Immunity 65; 822, 1 997). 

TbpA contains several distinct regions. For example, in the case of TbpA from N. 
meningitidis strain H44/76, the amino terminal 1 86 amino acids form an internal globular 
domain. 22 beta strands span the membrane, forming a beta barrel structure. These are 
10 linked by short intracellular loops and larger extracellular loops. Extracellular loops 

and 5 have the hi^est degree of sequence variability and loop 5 is surfece exposed. 
Loops 5 and 4 are mvolved in ligand binding. 

Preferred fragments of TbpA include the extracellular loops of TbpA. Using the 
1 5 sequence of TbpA from N. meningitidis stram HUn6, these loops correspond to amino 
acids 200-202 for loopl, ammo acids 226-303 for loop 2, amino acids 348-395 for loop 3, 
amino acids 438-471 for loop 4, amino acids 512-576 for loop 5. amino acids 609-625 for 
loop 6. amino acids 661-671 for loop 7, amino acids 707-723 for loop 8, ammo acids 769- 
790 for loop 9, amino acids 814-844 for loop 10 and amino acids 872-903 for loop 11. 
20 The corresponding sequences, after sequence alignment, in other Tbp proteins would also 
constitute preferred fragments. Most preferred fragments would include amino acid 
sequences constituting loop 2, loop 3, loop 4 or loop 5 of Tbp. 

Where tiie immunogenic compositions of tiie invention also comprise TbpA, it is 
25 preferable to mdude botii TbpA(high) and TbpA (low). 

Altiiough TbpA is preferably presented m an OMV. it may be in flie form of a subunit. 
For instance, isolated iron acquisition proteins which could be introduced into an 
unmmunogenic composition of the invention are well known in the art (WO0025811). 
30 Tliey may be expressed in a bacterial host, extracted usmg detergent (for mstance 2% 
Elugent) and purified by affinity chromatography or using standard column 
chromatography techniques well known to tiie art (Oakhill et al Biochem J. 2002 364; 
613-6). 
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Toxins include FrpA, FrpC (WO92/01460), lipopolysaccharide (LPS; also called 
lipooligosaccharide or LOS) immunotype L2 and LPS immunotype L3. FrpA and FrpC 
contain a region which is conserved between these two proteins and a preferred fiagment 
of the proteins would be a protein containing this conserved fragment, preferably 
comprising amino acids 227-1004 of the sequence of FrpA/C. These antigens may be 
derived from Neisseria meningitidis or Neisseria gonorrhoeae or other Neisserial strains. 
The invention may also include other toxins from Neisseria. 



FrpA and FrpC 

1 0 Neisseria meningitidis encodes two RTX proteins, referred to as FrpA & FrpC secreted 
upon iron limitation (Thompson et al., (1993) J. Bacteriol. 175:81 1-818; Thompson etal.^ 
(1993) Infect. Immun.. 61 :2906-291 1). The RTX (Repeat ToXm) protein family have in 
common a series of 9 amino acid repeat near their C-termini with the consensus: Leu Xaa 
Gly Gly Xaa Gly (Asn/Asp) Asp Xaa. (LXGGXGN/dDX), The repeats in E. coli HlyA 

15 are thought to be the site of Ca2+ binding. Meningococcal FrpA and FrpC proteins, as 

characterized in strain FAM20, share extensive amino-acid similarity in their central and 
C-terminal regions but very limited similarity (if any) at the N-terminus. Moreover, the 
region conserved between FrpA and FrpC exhibit some polymorphism due to repetition . 
(13 times in FrpA and 43 times in FrpC) of a 9 amino acid motif. 

20 

Immunogenic compositions of the invention may also comprise the full lengtib FrpA 
and/or FrpC or preferably, a fiagment comprising the sequence conserved between FrpA 
and FrpC. The conserved sequence is made up of repeat units of 9 amino acids. 
Immunogenic compositions of the invention would preferably comprise more that three 
25 repeats, more than 10 repeats;, more than 13 repeats, more than 20 repeats or more than 23 
repeats. Such truncates have advantageous properties over the full length molecules. 



Sequences conserved between FrpA and FrpC are designated FrpA/C and wherever FrpA 
or FrpC forms a constituent of immunogenic compositions of the invention, FrpA/C could 
30 be advantageously used. Amino acids 277-1004 of the FipA sequence is the preferred 
conserved region. . The above sequence can be extended or truncated by up to 1, 3, 5, 7, 
1 0, 1 S, 20, 25, or 30 amino acids at either or both N or C termini. 
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LPS 

LPS is the endotoxin on the outer membrane of Neisseria. The polysaccharide moiety of 
the LPS is known to induce bactericidal antibodies. If LPS is to be mduded in a vaccine 
of the invention, preferably either or both of immunotypes L2 and L3 are present. LPS is 
5 preferably presented in an outer membrane vesicle but may also be in subunit form. LPS 
may be isolated using well known procedure including the hot water-phenol procedure 
(Wesphal and Jann Meth. Carbo. Chem. 5; 83-91 1965). LPS may be used plain or 
conjugated to a source of T-cell epitopes such as tetanus toxoid. Diphtheria toxoid, CRM- 
197 or OMV outer membrane proteins (Devi et al Infect. Immun. 1997 65: 1045-1052). 

10 

Outer Membrane Proteins 

OthOT categories of Neisserial iMX)teins may also be candidates for inclusion in the 
Neisserial vaccines of the invention and may be able to combine with FrpB antigens in a 
surprisingly effective manner. An example of such a protein is PldA (WOOO/15801) 
1 5 which is a Neisserial phosphoUpase outer membrane protein. Further examples are TspA 
and TspB CT-cell stimulating protein) (WO 00/03003). Also PilQ (WO99/61620) and 
OMP85 - also known as D15 (WOOO/23595, Microbial Pathogenesis (1998) 25:11), and 
NspA (W096/29412). NspA is also an adhesin and may, therefore, also or alternatively 
be included in group a) for the purposes of the present mvention. OMP85/D15 is an outer 
20 membrane protein having a signal sequence, a N-termmal surface-exposed domain and an 
integral m^brane domain for attachment to the outer membrane. Immunogenic 
compositions of the invention may also comprise the fiill length OMP85, preferably as 
part of an OMV preparation. Fragments of OMP85 may also be used in unmunogenic 
compositions of the invention, in particularly, the N terminal suifece-exposed donaain of 
25 OMP85 made up of amino acid residues 1-475 or 50-475 is preferably incorporated into a 
subunit component of the unmunogenic compositions of tiie invention. The above 
sequence for the N terminal surface-exposed domain of OMP85 can be extended or 
tmncatedbyupto 1,3, 5,7, 10, 15, 20, 25, or 30 ammo acids at either or boAN or C 
termini. It is preferred that the signal sequence is omitted from the OMP85 firagment 

30 

Preferably the subunit composition comprises FrpB of the present invention together 
with: 

i) at least one fiarther antigen selected from the following list: FhaB, passenger domain c 
35 Hsf, passenger domain of Hap, NadA, N-terminal surfece exposed domain of OMP85, 
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FrpA, FrpC, FrpA/C, TpbA, TbpB, LpbA, LbpB, PldA, PilQ, NspA and either or both of 
LPS immunotype L2 and LPS immunotype L3; and/or 

ii) at least a Neisserial (preferably meningococcal) outer membrane vesicle (OMV) 
preparation. Preferably the OMV preparation has at least one antigen (more preferably 2, 
3, 4 or 5) selected from the following list which has been recombinantly upregulated in 
the outer membrane vesicle: NspA, Hsf, Hap, OMP85, TbpA (high), TbpA (low), LbpA, 
TbpB, LbpB, PilQ and PldA; and optionally comprising either or both of LPS 
immunotype L2 and LPS immunotype L3. 

When i) is present the additional antigen is preferably selected from one of more of the 
groups of proteins given above. 

. In another embodiment the outer membrane vesicle of the present invention has at least 
1 5 one furOier antigen (more preferably 2, 3, 4 or 5) is recombinantly upregulated in the 
outer membrane vesicle and selected fit>m the following list: NspA, Hsf, Hap, OMP8S, 
TbpA (high), TbpA (low), LbpA, TbpB, LbpB, PilQ and PldA; and optionally comprismg 
either or both of LPS immunotype L2 and LPS immunotype L3. This outer membrane 
vesicle may be used with one or more frirther outer membrane vesicles in which has at 
20 least one frirther antigen (more preferably 2, 3, 4 or 5) is recombinantly upregulated in the 
outer membrane vesicle and selected from the following list: FrpB, NspA, Hsf, Hap, 
OMP85, TbpA (high), TbpA (low), LbpA, TbpB, LbpB, PilQ and PldA; and optionally 
comprising either or both of LPS imniunotype L2 and LPS immunotype L3. 

25 hnmunogenic compositions of the invention which contain LPS will preferably have the 
LPS conjugated to a source of T-helper epitopes, preferably proteins, and in the case of 
LPS in OMVs, preferably outer membrane proteins. A particularly preferred embodiment 
contains LPS which have been conjugated to OMP in situ in the outer membrane vesicle 
preparation (for instance as described by Devi et al Infect.Immimi1y 1997 65; 1045-1052). 



30 



The immimogenic compositions of the invention may comprise antigens (proteins, LPS 
and polysaccharides) derived from Neisseria meningitidis serogroups A, B, C, Y, W-135 
or Neisseria gonorrhoeae. 



35 _ Further combinatioiis . 
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The immunogenic composition of the invention may further comprise bacterial capsular 
polysaccharides. The capsular polysaccharides may be derived from one or more of: 
. Neisseria meningitidis serogroup A, C, Y. and/or W-135. Haemophilus influenzae b. 
5 Streptococcus pneumoniae. Group A Streptococci, Group B Streptococci. Staphylococcus 
aureus and Steq)hylococcus epidermidis. 

A fiirther aspect of the invention are vaccine combinations comprising the antigenic 
composition of the invention with other antigens which are advantageously used against 
1 0 certain disease states including those associated with vural or Gram positive bacteria. 

In one preferred combmation, the antigenic compositions of the invention are formulated 
witii 1. 2, 3 or preferably all 4 of tiie following meningocotcal capsular polysaccharides 
which may be plain or conjugated to a protein carrier: A, C, Y or W-135. Preferably tiie 
1 5 immunogenic compositions of tiie invention are formulated wifli A and C; or C; or C and 
Y. Such a vaccine containing proteins from N. meningitidis serogroup B may be 
advantageously used as a global meningococcus vaccme. 

In a fiirtiier preferred embodiment, tiie antigenic compositions of tiie invention, preferably 
20 formulated witii 1, 2, 3 or all 4 of tiie plain or conjugated meningococcal capsular 

polysaccharides A, C. Y or W-135 (as described above), are formulated vsritii a conjugated 
H. influenzae b capsular polysaccharide, and/or one or more plain or conjugated 
pneumococcal capsular polysaccharides (for instance tiiose described below). Optionally, 
tiie vaccine may also comprise one or more protein antigenstiiat can protect a host against 
25 Streptococcus pneumoniae infection. Such a vaccine may be advantageously used as a 
global meningitis vaccine. 

In a still furflier preferred embodiment, tiie immunogenic composition of tiie invention is 
formulated witii capsular polysaccharides derived from one or more of Neisseria 

30 meningitidis, Haemophilus influenzae b. Streptococcus pneumoniae. Group A 
Streptococci, Group B Streptococci, Staphylococcus aureus or Staphylococcus 
epidermidis. The pneumococcal capsular polysaccharide antigens are preferably selected 
from serotypes 1, 2. 3. 4. 5. 6B. 7F. 8, 9N, 9V. lOA, llA, 12F, 14. 15B, 17F, 18C, 19A. 
19F, 20, 22F, 23F and 33F (most preferably from serotypes 1 , 3, 4, 5, 6B, 7F, 9V, 14, 

35 18C, 19F and 23F). A ftirflier preferred embodiment would contain tiie PRP capsular 
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polysaccharides of Haemophilus influenzae. A further preferred embodiment woiild 
contain the Type 5, Type 8 or 336 capsular polysaccharides of Staphylococcus aureus. A 
further preferred embodiment would contam the Type I, Type 11 or Type HI capsular 
polysaccharides of Staphylococcus epidermidis. A fiirther preferred embodiment would 
5 contain the Type la. Type Ic, Type n or Type III capsular polysaccharides of Group B 
streptocoocus. A further preferred embodiment would contain the capsular 
polysaccharides of Group A streptococcus, preferably, further comprising at least one M 
protein and more preferably multiple types of M protein. 

1 0 Such capsular polysaccharides of the invention may be unconjugated or conjugated to a 
carrier protein such as tetatus toxoid, tetanus toxoid fragment C, diphtheria toxoid, 
CRM197, pneumolysin, Protem D (US6342224). The polysaccharide conjugate may be 
prepared by any known coupling technique. For example the polysaccharide can be 
coupled via a thioether linkage. This conjugation method relies on activation of the 

1 5 polysaccharide with l-cyano-4-dimetiiylamino pyridinium tetrafluoroborate (CDAP) to 
form a cyanate ester. The activated polysaccharide may tiius be coupled directly or via a 
spacer group to an amino group on the carrier protein. Preferably, the cyanate ester is 
coupled with hexane diamine and the amino-derivatised polysaccharide is conjugated to 
the carrier protein using heteroligation chemistry involving tiie formation of the thioether 

20 linkage. Such conjugates are described in PCT published application W093/1 5760 
Uniformed Services University. 

The conjugates can also be prepared by direct reductive amination methods as described 
in US 4365 1 70 (Jennings) and US 4673574 (Anderson). Other methods are described in 
25 EP-0-161-188, EP.208375 and EP-0-477508. A further method involves the coupling of a 
cyanogen bromide activated polysaccharide derivatised with adipic acid hydrazide (ADH) 
to the protein carrier by Carbodiimide condensation (Chu C. et al Infect. Immimity, 1983 
245 256). 

30 Preferred pneumococcal proteins antigens are those pneumococcal proteins which are 
exposed on the. outer surface of the pneumococcus (capable! of being recognised- by a 
host's immune system during at least part of the life cycle of the pneumococcus), or are 
proteins which are secreted or released by the pneumococcus. Most preferably, the 
protein is a toxin, adhesin, 2-component signal tranducer, or lipoprotein of Streptococcus 

35 pnetmoniaey or fragments thereof. Particularly preferred proteins include, but are not 
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limited to: pneumolysin (preferably detoxified by chemical treatment or m\rtation) 
[Mitchell et al. Nucleic Acids Res. 1990 Jul 11; 18(13): 4010 "Comparison of 
pneumolysin genes and proteins from Streptococcus pneumoniae types 1 and 2.", 
Mitchell et al Biochim Biophys Acta 1989 Jan 23; 1007(1): 67-72 "Expression of the 
5 pneumolysin gene in Escherichia coli: rapid purification and biological properties.", WO 
96/05859 (A. Cyanamid), WO 90/06951 (Paton et al), WO 99/03884 (NAVA)]; PspA and 
transmembrane deletion variants thereof (US 5804193 - Briles et a/.); PspC and 
. transmembrane deletion variants thereof (WO 97/09994 - Briles et al); PsaA and 
transmembrane deletion variants thereof (Berry & Paton, Infect Inunun 1996 
1 0 Dec;64(12):5255-62 "Secjuence heterogeneity of PsaA, a 37.kUodalton putative adhesin 
essential for virulence of Streptococcus pneumoniae"); pneumococcal choline binding 
proteins and transmembrane deletion variants thereof. CbpA and transmembrane deletion 
variants thereof (WO 97/41151; WO 99/51266); Glyceraldehyde-3-phosphate - 
dehydrogenase (Infect Immun. 1996 64:3544); HSP70 (WO 96/40928); PcpA (Sanchez- 
15 Bcato ctal. FEMSMcrobiol Lett \99S, 164:207-14); M like protein. (EP 0837130) and 
adhesin 18627. (EP 0834568). Further preferred pneumococcal protein antigens are those 
disclosed in WO 98/18931, particularly those selected in WO 98/18930 and 
PCT/US99/30390. 

20 The immunogenic composition/vaccme of the invention may also optionally comprise 
outer membrane vesicle preparations made from other Gram negative bacteria, fiw 
example Moraxella catarrhalis or Haemophilus irfiuemae. 
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Compositions. Mts and administration 

As previously mentioned the invention provides compositions comprising aFrpB protein for 
administration to a cell or to a multicellular organism. 

An immunogenic composition is a composition comprising at least one antigen which is 
30 capable of generating an immune response when administered to a host. Preferably, such 
immunogenic preparations are capable of generating a protective immune response 
against Neisserial, preferably Neisseria meningitidis and/or Neisseria gonorrhoeae 
infection. 
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The invention also relates to compositions comprising a protein discussed herein or Iheir 
agonists or antagonists. The proteins of the invention may be employed in combination with a 
non-sterile or sterile carrier or carriers for use with cells, tissues or organisms, such as a 
pharmaceutical carrier suitable for administration to an individual. Such compositions 
5 comprise, for instance, a media additive or a therapeutically effective amount of a protein of 
tiie invention and a pharmaceutically acceptable carrier or excipient. Such carriers may 
include, but are not limited to, saline, buffered salme, dextrose, water, glycerol, ethanol and 
combinations thereof The formulation should suit the mode of administration. The invention 
further relates to diagnostic and pharmaceutical packs and kits comjvising one or more 
1 0 containers filled with one or more of the ingredients of tiie aforementioned compositions of the 
invention. 



Proteins and otiier compounds of the invention may be employed alone or in conjunction wifli 
otiier conqwunds, such as thoapeutic compounds. 

15 

The pharmaceutical compositions may be administered in any effective, convenient manner 
uicluding, for mstance, administration by topical, oral, anal, vt^inal, intravenous, 
intraperitoneal, intramuscular, subcutaneous, intraiiasal or mtradermal routes among otii^ 

20 In tiierapy or as a prophylactic, the active agent may be admmisteied to an individual as an 
injectable composition, for example as a straile aqueous dispersion, preferably isotonic. 

The ccanposition will be adapted to the route of adnunistration, for instance by a ^stemic or 
an oral route. Preferred forms of qrstemic administration include injection, typically by 

25 intravenous injection. Otfier injection routes, sudi as subcutaneous, intramuscular, or 
mtraperitoneal, can be used. Alternative means for sj^mic administration include 
transmucosal and transdermal administration using penetrants such as bile salts or fiisidic acids 
or other detergents. In addition, if a protein or other compounds of tiie present invention can 
be formulated m an enteric or an encapsulated formulation, oral administration may also be 

30 possible. Administration of these compounds may also be topical and/or localized, in the form 
of salves, pastes, gels, solutions, powders and flie like. 
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For admmistration to mammals, and particularly humans, it is expected that the daily 
dosage level of the active agent will be fiwm 0.01 mg/kg to 10 mg/kg, typically around 1 
mg/kg. The physician in any event will determine the actual dosage which will be most 
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suitable for an individual and will vary with the age, weight and response of the particular 
individual. The above dosages are exemplary of the average case. There can, of course, be 
individual instances where higher or lower dosage ranges are merited, and such are within 
the scope of this invention. 

5 

The dosage range required depends on the choice of peptide, the route of administration, the 
nature of the formulation, the nature of the subject's condition, and the judgement of the 
attending practitioner. Suitable dosages, however, are in the range of 0.1-100 \ig/kg of subject. 

10 A vaccine composition is conveniently in injectable form. Conventional adjuvants may be 
employed to enhance the immune response. A suitable unit dose for vaccmation is 0,5-5 
microgram/kg of antigen, and such dose is preferably administered 1-3 times and with an 
interval of 1-3 weeks. With the indicated dose range, no adverse toxicological effects will 
be observed wifli tiie compounds of the invention which would preclude their 

1 5 administration to suitable individuals. 

Wide variations in the needed dosage, however, are to be expected in view of the variety of 
compounds available and the differing efficiencies of various routes of administration. For 
example, oral administration would be e^qjected to require higher dosages than administration 
20 by intravenous injection. Variations in these dosage levels can be adjusted using standard 
empirical routines for optimization, as is well understood in the arL 

Preferred features and embodiment of tiie present invention will now be described fijrther with 
reference to the following Example: 

25 

Example 

FrpB is the most abundant iron-limitation-inducible outer-membrane protein of 
Neisseria meningitidis. The high expression levels together with considerable 
30 sequence conservation between strains and its ability to induce bactericidal antibodies 
make it an interesting vaccme candidate for the prevention of ineningococcal disease. 
However, the protein does contain some variability, which is mosfly confined to two 
large extracellular loops, L5 and L7, respectively (van der Ley et al. 1996). 
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In an attempt to direct the immune response to the more conserved parts of the 
protein, a deletion of 28 amino acid residues was created in loop L7. A second mutant 
was created which besides the 28 amino acids deletion in loop L7, contains an additional 
deletion of 24 amino acids in loop L5. By removing L5 in addition to L7, we aim to 
constract an FtpB protein that consists of only very-well conserved domains of FrpB, 
which could potentially induce broad-spectrum bactericidal antibodies. FrpB and 
FrpB loop-deletion mutants were produced in inclusion bodies in Escherichia coli and 
subsequently refolded in vitro. Rdfolding was successful and unmune responses 
against tiiese proteins may be analysed. 

I: Constniction of genes encoding FrpB and genes encoding FrpB loop 
deletion mutants 

The gene encodmg Neisseria meningitidis H44/76 FrpB was cloned without signal 
sequence in pETl la resulting in plasmid pBTl la-FrpB. An FrpB loop deletion 
mutant was prepared by using the four-primer PGR method to create a deletion of 28 
amino acids in the extracellular loop L7. By this way, the encoded protein will lack 
amino acids tteekngqkvdlqfmeqqntkdradedtvh ftom loop L7. This gene was transferred 
to pETl la without signal sequence, resulting in plasmid pETl 1 a-FrpBA28. This 
construct was used to create plasmid pETl la-FrpBA7A5. This plasmid encodes a 
protein, whidh besides the 28 amino acids deletion in loop L7, contains an additional 
deletion of amino acids qhrgirtvreeftvgdkssrinid fcom loop L5. 

H: Overexpression and m vitro rcfnMiii g of FmB. FrDBA28 and FmBATAS 

FipB, FipBA28 and FrpBA7A5 were produced in Escherichia coli BL21, after which 
inclusion bodies were isolated. The inclusion bodies were subsequentiy solubilized in 
8 M urea. Refolding was performed with 1:10 dilution of tiie solubilized material in 
20 mM eflianolamine pH 1 1, 0.5% Zwittergent 3-12 (SB-12), 0.4 M guanidium 
hydrochloride. Refolding was performed at room temperature for 16 hrs. Urea and 
guanidium hydrochloride were removed and buffer was changed from ethanolamine 
pH 1 1 to Tris-HCI pH 7.2. Refolded forms were detected by semi-native poly 
acrylamide gel electrophoresis. Electrophoresis was performed with gels lacking SDS. 

BEST AVAILABLE COPY 
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The running buffer contained 0.02% SDS, and 0.075% (cold samples) or 2% SDS 
(boiled samples) was used in the sample buffer. Samples were kept cold or boiled for 
5 minutes, after which electrophoresis was performed at constant current of 10 mA on 
5 ice. 

m: Results 

The urea-denatured proteins were diluted 1:10 to ethanolamine pH 11, 0.5% 
1 0 Zwittergent 12, 0.4 M guanidium hydrochloride. After 16 hrs. samples were desalted 
and buffer was exchanged for Tris-HCl pH 7.2. The running buffer contained 0.02% 
SDS, and 0.075% (cold samples) or 2% SDS (boiled samples) was used in the sample 
buffer. Samples were kept cold or boiled for 5 minutes, after which electrophoresis 
was performed at constant current of 10 noA on ice. 

15 

The results obtained ftom semi-native gel electrophoresis show folded monomers of 
FipB, FipBA28 and FrpBA7A5. These folded forms can be observed as proteins with 
higher electrophoretic mobiUty as compared to the denatured protein. It is also clear 
that in vitro refolded FrpB as well as FrpBA28 can assemble into oligomeric 
20 complexes, which is a key characteristic of native FrpB. The ability of FrpBA7A5 to 
form oUgomeric complexes is clearly impaired, however the presence of folded 
monomers indicates correct folding. 

These correctly folded proteins may be be used to study the abiUty of these proteins to 
25 induce synthesis of protective antibodies agaiost Neisseria meningitidis. Correct 
folding of these protems is considered crucial for obtaining a protective immune 
response, as native conformational epitopes are more likely to be present. 
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Claims 



1 • An FrpB protein having one or more deletions of non-conserved amino acids 
5 compared to a corresponding wild-type FrpB protein. 

2. An FipB protein in vsiiich one or more of the amino acids of at least one of its 
loops has been deleted. 

10 3. The protein according to claim 1 or 2 v^ch is cross-protective. 

4. The protein according to any preceding claim in which one or more of the amino 
acids of at least 2 loops have been deleted. 

15 5. The protein according to any preceding claim in which one or more of the amino 
acids of loop 7 and/or 5 have been deleted. 

6. The protein according to any preceding claim in which one or more flie amino 
acids ofany one or more of loops 1,2,3,4,6,8,9, 10, 11, 12 and 13 have been 

20 deleted. 

7. The protein according to any preceding claim in which 1 1 to 33 amino acids have 
been deleted firom loop 7. 

25 8. The protein according to any preceding claim in which 23-33 amino acids have 
been deleted jfrom loop 7. 

9. The protein according to any preceding claim in which about 28 amino acids have 
been deleted from loop 7. 
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10. The protein according to any preceding claim in which 1 8-29 amino acids have 
been deleted from loop 5. 
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1 1 . The protein according to any preceding claim in which 19-29 anuno acids have 
been deleted from loop 5. 

12. The protein accordmg to any preceding claim in which 24 amino acids have been 
5 deleted from loop 5. 

13. The protein according to any preceding claim in which, with reference to FrpB 
strain H44/76, the amino acid deletion is made in the range of amino acids 376- 
413, or a corresponding deletion made, from loop 7. 

10 

14. The protem according to any preceding claim in which, with reference to FrpB 
strain H44/76, the amino acid deletion is made in the range of amino acids 381- 
408, or a corresponding deletion made, from loop 7. 

15 15. The protein according to any preceding claun in which, with reference to FrpB 
strain H44/76, an amino acid sequence comprising 
TTEEKNGQKVDKPMEQQMKDRADEDTVH has been deleted, or a 

corresponding deletion made, from loop 7. 

20 16. The protein according to any preceding claim in which, with reference to FrpB 
strain H44/76, the amino acid deletion is made m the range of amino acids 247- 
280, or a corresponding deletion made, from loop 5. 

17. The protein according to any preceding claim in which, with reference to FrpB 
25 strain H44/76, the amino acid deletion is made in Ae range of amino acids 252- 

275, or a corresponding deletion made, from loop 5. 

18. The protein according to any preceding clahn in which, with reference to FrpB 
strain H44/76, an amino acid sequence comprising 

30 QHRGIRTVREEFTVGDKSSRINID has been deleted, or a corresponding 
deletion made, from loop 5. 

19. The protem of any preceding claim m which the deleted sequence is replaced by 
another amino acid sequence. 
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20. The protein of claim 19 in which the sequence is deleted by mutagenesis. 

21. A polynucleotide encoding the protein of any preceding claim. 

5 

22. An expression vector comprising the polynucleotide of claim 21 

- 23. A host cell comprising the expression vector of claun 22, 

.10 24. A method for producmg the protein of any one of claims 1 to 20 comprising: 
culturing the host cell of claim, and recovering the expressed protein. 

25. A method for refolding an FrpB protein comprising contacting the FrpB protein with 
an alkaline refolding buffer comprising 3-dimethyldodecylammoniopiopanesulfonate 

15 (Zwittergent3-12orSB-12). 

26. A method according to claim 25 wherein the protein is a protein according to any one 
of claims 1 to 20. 

20 27. A method according to claun 25 or 26 wherein the refolding buffer comprises 
etiianolamine and SB-12. 

28. A method according to claim 27 wherein the ethanolamine is about 20mM 
ethanolamine. 



25 
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29. A method according to any one of clauns 25 to 28 wherein the refoldmg buffer has 
pHll. 

30. A method according to any one of claims 25 to 29 wherem the SB-12 is 0.2% SB-12. 

31. A method accordmg to any one of claims 25 to 29 wherein the SB-12 is 0.5% SB-12. 

32. A method according to any one of claims 25 to 31 wherein the refolding buffer further 
comprises guanidium chloride, NaCl and/or urea. 
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33. A method according to claim 32 whraein the refolding buffer fiirdier comprises 
guanidium chloride. 

34. A method according to claim 33 wherein the refolding buffer further comprises 0.4M 
5 guanidium chloride. 

35. A method of any one of claims 25 to 34 comprising ihe following steps: 

a. optionally expressing an FrpB protein in a host cell; 

optionally breaking the host cell to obtain an inclusion body comprising the FrpB protein; 
10 optionally washing the inclusion body; 

b. optionally solubilisation of at least part of the inclusion body and tiie FrpB 
protein; 

c. contacting the solubilised FrpB protein with the refolding buffer; and 

d. optionally removing the refolding buffer from the FrpB protein. 

15 

36. A refolding buffer comprismg ethanolamine, SB-12 and guandinium chloride for use 
in the method of any one of claims 25 to 35. 

37. An isolated, refolded FrpB protein obtained or obt£unable by the method of any one of 
20 claims 25 to 35. 

38. A pharmaceutical composition comprising at least one FrpB protein of any one of 
claims 1 to 20 and 37, and a pharmaceutically acceptable carrier. 

25 39. A pharmaceutical composition accordmg to claim 38 whMein at least 30%, 50%, 
70%, or 90% of the FrpB protein presort mthe composition is refolded. 

40. A pharmaceutical composition accordmg to claim 38 or 39 in the form of a vaccine. 

30 41 . The pharmaceutical composition of any one of claims 38 to 40 comprising a FrpB 
protein derived from Neisseria meningitidis. 

42. The pharmaceutical composition of any one of claims 38 to 41 comprising a FrpB 
protein derived from Neisseria gonorrhoeae. 

35 
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43. The pharmaceutical composition according to any one of claims 38 to 42 wherein said 
composition comprises at least one other Neisserial antigen. 

44. The pharmaceutical composition of claim 43 comprising at least one other Neisserial 
5 antigen derived from Neisseria gonorrhoeae. 

45. The pharmaceutical composition of claim 43 or 44 comprising at least one other 
Neisserial antigen derived from Neisseria meningitidis. 

1 0 46. The pharmaceutical composition of any one of claims 38 to 45 in the form of a 
subunit composition. 

47. The pharmaceutical composition of any one of claims 38 to 45 in flie form of an outer 
membrane vesicle preparation. 

15 

48. A pharmaceutical composition according to any one of claims 38 to 47 fruther 
comprisuig at least one other Neisserial antigen selected from one or more of the 
following classes: 

a. at least one Neisserial adhesin selected from the group consisting of FhaB, Hsf 
20 andNadA; 

b. at least one Neisserial autotransporter selected from the group consisting of Hsf, 
and Hap; 

c. at least one Neisserial toxin selected from the group consisting of FrpA, FipC, 
and either or both of LPS immunotype L2 and LPS immunofype L3; 

25 d. at least one Neisserial Fe acquisition protein selected from the group consisting of 
TbpA, TbpB, LbpA and LbpB; and 

e. at least one Neisserial outer membrane protein selected from the group consistmg 
of PldA, NspA, TspA, TspB, PilQ and OMP85. 

30 49. The pharmaceutical composition of any one of claims 3 8 to 48 ftirther comprising a 
bacterial capsular polysaccharide. 
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50. The pharmaceutical composition of claim 49 wherein the capsular polysaccharide is 
derived from bacteria selected from the group consisting of Neisseria meningitidis 
serogroup A, C, Y, and/or W-135, Haemophilus influenzae b. Streptococcus 
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pneumoniae. Group A Streptococci, Group B Streptococci, Staphylococcus aureus 
and Staphylococcus epidennidis. 

51. Use of an FrpB protein of any one of claims 1 to 20 and 37 (or a pharmaceutical 
composition of claims 38 to 50) in the preparation of a medicament for use in 
generating an immune response in an animal. 

52. Use of an FrpB protein of any one of claims 1 to 20 and 37 (or a pharmaceutical 
composition of claims 38 to 50) in the preparation of a medicament for treatment or 
prevention of Neisserial infection. 

53. The use of claim 52 in which Neisseria meningitidis infection is prevented or treated. 

54. The use of claim 52 or 53 in yAach. Neisseria gonorrhoeae infection is prevented or 
treated. 

55. An antibody immunospecific for the FrpB protein as claimed in any one of claims 1 to 
20 and 37. 

56. A pharmaceutical composition useful m treating humans with a Neisserial disease 
comprising at least one antibody according to claim 55 and a suitable pharmaceutical 
carrier. 

57. Use of the antibody of claim 55 (or a composition of claim 56) in the manu&cture of 
a medicament for the treatment or prevention of Neisserial disease. 

58. The use of clahn 57 in which Neisseria meningitidis infection is prevented or treated. 

59. The use of claim 57 or 58 in which Neisseria gonorrhoeae mfection is prevented or 
treated. 

60. A method of diagnosmg a Neisserial infection, comprising identifying an FipB protein 
as claimed in any one of claims 1 to 20 and 37, or an antibody as clauned in clahn 55, 
present within a biological sample ftom an animal suspected of havmg such an 
infection. 
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61 • The method of ciaun 60 in which Neisseria meningitidis infection is diagnosed. 

62. The method of claim 60 or 61 in which Neisseria gonorrhoeae infection is diagnosed. 
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MiTtflnt Protein and RpfnlHinp Method 



An FrpB protein having one or more deletions of non-conserved amino acids 
compared to a corresponding wUd-type FrpB protein, and a method of refolding 
FrpB protein. 



Figure 1 1/9 

^s™q11ySqSp™svqkgagsasagiga™gm 




p^gSSsSqkdrkgnlehvvrkgfgvndvfanwkplgkdii^ 

NLSVNNVFNKFYYPHSQRWTNTLPGVGRDVRLGVNYKF 



tgttaatata aataaaaata attattaatt atttttctta tcctgccaaa tcttaacggt 61^ 

r-rg- Bircfa: — ^.f. 

aggtcgtact ggataccgtt actgtaaaag g^^accgc ^ gaactcttaa 301 

acatcgttac gctgcaacaa aaagacgaaa gcaccgcaac ^QJ^atgcgc J 
aagaagagcc |tccatcgat ttcggcggcg ^-J-^JJ^^^ Scctat^cc gSagccaL 421 
gclgcatggg tcagaactct gtcgacatca aggtggacaa cgjctattc^ J^ttlcgtac 481 
tcctttacca ccaaggcaga tttattgtcg ^^^^^^ctt ^ atcatcgcca 541 

aaaaaggcgc gggttccgcc tctgccggta tcggcgcgac ^^acggcgcg J^^^ 
aaaccgtcga tgcccaagac ctgctcaaag g^^tggataa ^^J^^gggg ^ J J 
acagcggctt tgccagcaac gaaggcgtaa g^tacggcgc ^^^^Jtattc ^gl 
gcalcttcga cggcttgttc tcttacaacc g^aacgatga ^^aagattac 9 J 
Lggtttccg caatgtcaac jgcggcaaaa ccgtaccgta cagcgcgctg ^^^^^^^^^ 

gctacctcgc caaaatcgga acaaccttcg ZZi*.^^r^n:> aaaatttacc gtcggcgaca 901 
Icatgaaaga ccaacaccgg ggcatccgca c^gtgcgtga agaatttacc f UJ^^^^ 

aaagttoacg gataaatatt gaccgccaag ^•=°°^^°^^^^°|°!!Jctq gatgccaacg 1021 . 
acaSaactt ggcgtacacg ggtaaaaacc ^gggctttgt ^gj^^JJ^^J ?;c?caggc! 1081 
cctatgtgtt ggaaaaagaa cgctattccg ccgatgacag cggcaccggc ^^^^^^JJ^^ 
atgtaaaagg ccccaaccat acccgaatca ctaccgccat caggaaatca 1201 

gccgccttgc cgaacaaacc c^gttgaaat acggtatcaa ctac g ^ J^^^^^, .^g^ 

aaccgcaago atttttgaac tcgaaattct ^^^^ y tacagatgaa gacactgttc 1321 
aaaaagtcga taaaccgatg gaacaacaaa tgaaagaccg ^gcagarg | ^ 3^381 
acgcctacaa actttccaac ccgaccaaaa =cgataccgg ^f^f lll !^^g5tgaaaa 1441 
acgacatcgg cgatttcacg ctgaccggcg gg^^gcgtta ^gaccgcttc ^J^J ^ 3^50^ 
cccatgacgg caaaaccgtt tcaagcagca accttaaccc jagtttcggt J^ga gg^ ^^^^ 
agccgcacga acactggagc ttcagcgcga gccacaacta ^^^^^taSc gacggcacaa 1621 
tgta?ga4c gctgcaaacc cacggtaaac 9^59°^^°^^ °tcgattgcc ^acggca ^^^^ 
aagccgaacg cgcgcgcaat accgaaatcg ^^ttcaacta ^aacgacggc | J ^^^^ 
calacggcag ctacttctgg cagaccatca aagacgcgct tgccaatccg ^ I ^^^^ 
acgactctgt cgccgtccgt gaagccgtca atgccggtta "tcaaaaac ^a ^g g ^^^^ 
aa?tgggcgc gtcctaccgc accggcggcc ^gactgccaa agtcggcgtc I ^^21 
aaccgcgctt ttacgatacg cacaaagaca agctgttgag mm ccgaatctgg 1981 

cacalg?cgg ccgcacttgg acggcctccc ttgcctaccg ^^tccaaaat °°gjjj^| ^^^^ 
aaatcjgctg gcgcggccgt tatgttcaaa aagctacggg ttcgatattg ^^^l 2101 

re=! s;sr"4 '=r,s Tcigi SHE ? fcr,r4 

?ra'4r«, ',r4t?raS r/ar^lcS Sfcr^S- ccVa».a .3ax 
tgccgtctga aagcctttca gacggca 



2/9 

Figure 2 

MNAPFFRLSLLSLTLAAGFAHAAENNANVALDTVTVKGDRQGSK 

IRTNIVTLQQKDESTATDMRELLKEEPSIDFGGGNGTSQFLTLRGMGQNSVDIKVDNA 
YSDSQILYHQGRFIVDPALVKWSVQKGAGSASAGIGATNGAIIAKTVDAQDLLKGLD 
KNWGVRLNSGFA6NNGASYGASVFGKEGNFDG LFSYNRNDEKDYEAGKGFRNDNGGKT 
VPYSALDKRSYI»AKIGTTFGD6DHRIVL^HMKD|Q HRGIRTVREEFAVSEKNSRiTII^ 
QAPsffRETTQSNTNIiAYTGKDLGFVEKLDANAYVLEKKRYSADDKDTSlGYA GNVKGPNH 
TRIATRSMNFNFDSRLAEQTLLKYGINYRHQEIKPQAFLNSEFEII^KEKAp^ 



imEg^I^AYRLTJNPTKTDTGAYIEAIHEIDGFTLTGGLRYDRFKVKTHDGKTVSSS 
SLNPSFGVIWQPREHWSFSASHNYAGRSPRLYDALQTHGKRGIISIADGTKAERARNT 
EIGFNYNDGTFAANGSYFRQTIKDALANPQNRHDSVAVREAVNAGYIKNHGYELGASY 
RTGGLTAKVGVSHSKPRFYDTHKDKLLSANPEFGAQVGRTWTASLAYRFKNPNLEIGW 
RGRYVQKAVGSILAAGQKDRDGKLENWRQGFGVNDVFANWKPLGKDTLNVNLSVNNV 
FDKFYYPHSQRWTNTLPGVGRDVRLGVNYKF 

aaaccggtac ggcgttgccc cgccttagct caaagagaac gattccctaa ggtgctgaag 61 
caccgagtga atcggttccg tactatttgt actgtctgcg gcttcgccgc cttgtcctga 121 
tttttgttag tccacatata catttccgac aaaacctgtc aacaaaaaac aacgcttcgc 181 
aaataaaaac gat aat cage tttacacaac ccccccccgc taatataaac aaaaataatt 241 
attattattt tttcttatcc tgccaaacct taacggtttg gcttaacttc ccttcataca 301 
ctcaaaagga cgaacaaatg aacgccccgt ttttccgcct cagcctgctc tcgctcacac 361 
ttgccgccgg ctttgcccac gcggcagaaa ataatgccaa tgtcgcattg gataccgtta 421 
ccgliaaaagg cgaccgccaa ggcagcaaaa tccgtaccaa caticgttacg cttcaacaaa 481 
aagacgaaag caccgcaacc gatatgcgcg aactcttaaa agaagagccc tccatcgatt 541 
tcggcggcgg caacggcacg tcccaattcc tgacgctgcg cggtatgggt cagaactctg 601 
tcgacatcaa ggtggacaac gcctattccg acagccaaat cctttaccac caaggcagat 661 
ttattgtcga tcccgctttg gttaaagtcg tttccgtaca gaaaggcgcg ggttccgcct 721 
ctgccggtat cggcgcgacc aacggcgcga tcatcgccaa aaccgtcgat gcccaagacc 781 
tgctcaaagg cttggataaa* aactggggcg tgcgcctcaa cagcggcttt gccggcaaca 841 
acggcgcaag ctacggcgca agcgtattcg gaaaagaggg caacttcgac ggtttgttct 901 
cttacaaccg caacgatgaa aaagattacg aagccggcaa aggtttccgc aatgacaacg 961 
gcggcaaaac cgtaccgtac agcgcgctgg acaaacgcag ctacctcgcc aaaatcggaa 1021 
caaccttcgg cgacggcgac caccgcatcg tgttgagcca tatgaaagac caacaccggg 1081 
gcatccgcac tgtgcgtgaa gagtttgccg tcagcgaaaa aaattcacgg ataactatta 1141 
aacgccaagc cccatcctac cgcgaaacca ctcaatccaa caccaacttg gcgtacaccg 1201 
gcaaagattt gggctttgtc gaaaaactgg atgccaacgc ctatgtgttg gaaaagaaac 1261 
gctattccgc cgatgacaaa gataacggct acgcaggcaa tgtaaaaggc cccaaccata 1321 
cccgaatcgc cactcggagt atgaacttca acttcgacag ccgccttgcc gaacaaaccc 1381 
tgttgaaata cggcatcaac taccgccatc aggaaatcaa accgcaagcg tttttgaact 1441 
cggaatttga aataaaagat aaagaaaaag caactaatga agagaaaaag aagaaccgtg 1501 
aaaatgaaaa aattgccaaa gcctaccgcc tgaccaaccc gaccaaaacc gataccggcg 1561 
cgtatatcga agccattcac gagattgacg gctttaccct gaccggcggg ctgcgttacg 1621 
accgcttcaa ggtgaaaacc cacgacggca aaaccgtttc aagcagcagc ctcaacccga 1681 
gtttcggcgt gatttggcag ccgcgcgaac actggagctt cagcgcgagc cacaactacg 17 41 
ccggccgcag cccgcgcctg tatgacgctc tgcaaaccca cggcaagcgc ggcatcatct 1801 
cgattgccga cggcacgaaa gccgaacgcg cgcgcaatac cgaaatcggc ttcaactaca 1861 
acgacggcac gtttgccgca aacggcagct acttccggca gaccatcaaa gacgcgcttg 1921 
ccaatccgca aaaccgccac gactccgtcg ccgtccgcga agccgtcaac gccggctaca 1981 
tcaaaaacca cggttacgaa ttgggcgcgt cctaccgcac cggcggcctg accgccaaag 2041 
tcggcgtaag ccacagcaaa ccgcgctttt acgatacgca caaagacaag ctgttgagcg 2101 
cgaaccctga atttggcgca caagtcggcc gcacttggac ggcctccctt gcctaccgct 2161 
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tcaaaaaccc gaatctggaa atcggctggc 
cgatattggc ggcaggtcaa aaagaccgcg 
gtttcggtgt gaacgatgtc ttcgccaact 
ttaatctttc ggttaacaac gtgttcgaca 
ccaataccct gccgggcgtg ggacgtgatg 
acgcacatcc cgaaaaaatg ccgtctgaaa 
tgatatatag tggattaaca aaaaccggta 
cgattcccta aggtgctgaa 



gcggtcgtta tgttcaaaaa gccgtgggtt 2221 
acggcaaatt ggaaaacgtt gtacgccaag 2281 
ggaaaccgct gggcaaagac acgctcaatg 2341 
agttctacta tccgcacagc caacgctgga 2401 
tacgcctggg cgtgaactac aagttctaaa 2461 
gcctttcaga cggcatctgt cctgataatt 2521 
cggcgttgcc ccgccttagc tcaaagggaa 2581 



Fig. 2 cont. 
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Figures 



PDVGRDVRLGVNYKF 

gcagaaaata atgccaaggt cgcattggat -cgttaccg t-aaggcga ccgccaaggc 61^ 
Igcaaaatcc gtaccaacat cgttacgctt ^J^^^^JJJ^ ^°^aaag | 
atgcgcgaac tcttaaaaga agagccgtcc ^tcgatttcg g^J^cgg ^J^^^J^^, 
caattcctga cgctgcgcgg tatgggtcag ttatcqatcc cgctttggtt 301 

tattccgaca gccaaatcct ttaccaccaa g^-^JJ^tta ^tgtcgatcc ^9 JJ^^ 
aaagtcgttt ccgtacaaaa aggogcgggt tccgcctctg 'r'^ll II ggataaaaac 421 
ggg?cgatta tcgtcaaaac cgtcgatggc caagacctgc tcaaaggctt 99 ^^^^^^^ ,3, 
tggggcgtgc gcctcaacag ^fg^tttgcc ^S^^^^^aag J | ^ cgatgaaaaa 541 
gtattcggaa aagagggcaa ^ttcgacggc ttgttctctt I accgtacagc 601 

gattacgagg ccggcaaagg tttccgcaat 3^taccggcg 9 y cgacgaccac 661 

gcgctggaca aacgcagcta cctcgccaaa J^^jgaacaa JJ^tcgg^gg ^ ^^^^^^ ^^l 
cgcatcgtgt tgagccatat ^^J^g^^^J cttgacl?cc aaglacctgc ttaccgcgaa 781 
tttaccgtca ctaataactc acgtcttgac c^^^a^^y^ =v?i-rToactt tatcaaaaaa 841 
accactlaat ccaacaccaa cttggcgtac accggcaaag J^ttgggctt ^gtcgaa 

ctggatgcca acgcctatgt gttggaaaag ^^^^9^^^^^ ?cIccIS?g gggtltgaac 961 
ggl?acgcag gcaatgtaaa aggccccaac catacccgaa tcaccactcg ^^^J^^^^ ^.^l 
ttcaacttcg acagccgcct tgccgaacaa ^ccctg^^ga gacgacagaa 1081 

-r.iraS ^rcfaareS r=ns^ ~re r,s=SK iaJi 
ir^i^ii sfcr/cS r= - 
r/cSiss r,c:Sa HSr=« fi? if/. 

lltlgcccgc gcctgtatga cgcgctgcaa acccacggca ^^^^^Hf ctacaalgaa 1501 
ggcgacggca cgaaagccga acgcgcgcgc aataccgaaa ^^J^gttcaa J y 
gggLg??tg ccgcaaacgg gaggtacttc tggcagacca tcaaagacgc ^^ttgcc ^^^^ 
??lcaaaacc gccacgtctc tgccgccgtc cgtgaagccg ^caatgccgg « ^ggi 
aaLacggtt acgaattggg cgcgt-tac cgcaccggcg gcct^actgc -a^g^^gg^ 
gtaagccaca gcaaaccgcg cttttacgat ^ccca^cct ^ ccgcttccaa 1801 

Ictgaatttg gcgcacaagt cggccgcact tggacggctt «°ttgccta 9 ^ ^gg^ 

^,?SraraS Ifa JJ » J J- 

IKS fcfac^St »-?^"= 
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accctgccgg acgtgggacg tgatgtacgc ttgggcgtga actacaagtt ctaaaacgca 
catcccgaaa aaatgccgtc tgaaagcctt tcagacgg 



Figure 3 cont. 
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Figure 4 

AENNAKWLDTVTVKGDRQGSKIRTNIVTLQQKDESTATDMREL 

LKEEPSIDFGGGNGTSQFLTLRGMGQNSVDIKVDNAYSDSQILYHQGRFIVDPALVKV 

VSVQKGAGSASAGIGATNGAIIAKTVDAQDLLKGLDKNWGVRLNSPSDSNEGVSYGAS 

VTOKKRNFDGLFS YNRNNEKDYEAGKGFRNNFNGGK TVPYSALDKRSYLAKIGTTFGD 

.^PHPT^^}Q"Mtfr]^przTRTVRF.F.FTVGA KDSRINliR QVPA[yRETTQSNTNLAYTGKN 

T^qp^H'IKL^'^Mav^.irvF.RYSAnnRGTGYAG NVKGPNHTRITTRGAN FN FDSRLAEQTL 

LKYGINYRHQEIKPQAFLNSQFKIEjbKEKAfeDEEBgiraRENm 

GAYIEAIHEIDGFTLTGGLRYDRFKVKTHDGKTVSSSNLNPSFGVIWQPHEHWSFSAS 
HNYASRSPRLYDALQTHGKRGIISIADGTKAERARNTEIGFNYNDGTFAANGSYFWQT 
IKDALANPQNRHDSVAVREAVNAGYIKNHGYELGASYRTGGLTAKVGVSHSKPRFYDT 
HKDKLLSANPEFGAQVGRTWTASLAYRFQNPNLEIGWRGRYVQKAVGSILVAGQKDRN 
GKLENWRKGFGVNDIFANWKPLGKDTLNVNLSVNNVFNTFYYPHSQRWTNTLPDVGR 

DVRLGVNYKF 

gcagaaaata atgccaaggt cgtactggat accgttaccg taaagggcga ccgccaaggc 61 
agcaaaatcc gtaccaacat cgttacgctt caacaaaaag acgaaagcac cgcaaccgat 121 
atgcgcgaac tcttaaaaga agagccatcc atcgatttcg gcggcggcaa cggcacgtcc 181 
caattcctga cgctgcgcgg catgggtcag aactctgtcg acatcaaggt ggacaacgcc 241 
tattccgaca gccaaatcct ttaccaccaa ggcagattta ttgtcgatcc cgctttggtt 301 
aaagtcgttt ccgtacaaaa aggcgcgggg tctgcctctg ccggtatcgg cgcaaccaac 361 
ggcgcgatta tcgccaaaac cgtcgatgcc caagacctgc tcaaaggctt ggataaaaac 421 
tggggggttc gcctcaacag cccctccgac agcaatgaag gtgtaagcta cggcgcaagc 481 
gtattcggaa aagagggcaa cttcgacggg ttgttctctt acaaccgcaa caatgaaaaa 541 
gattacgaag caggtaaagg cttccgtaat aatttcaacg gtggtaaaac cgtaccgtac 601 
agcgcgctgg acaaacgcag ctacctcgcc aaaatcggaa caaccttcgg cgacggcgac 661 
caccgcatcg tgttgagcca tatgaaagac caacaccgag gcatccgcac tgtgcgtgaa 721 
gaatttaccg tcggcgcgaa agattcacgg ataaatatta aacgccaagt ccctgcttac 781 
cgcgaaacca cacaatctaa caccaatttg gcgtacacgg gtaaaaacct gggctttgtc 841 
gaaaaactgg atgccaacgc ctatgtgttg gaaaaagaac gctattccgc cgatgacagc 901 
ggcaccggct acgcaggcaa tgtaaaaggc cccaaccata cccgaatcac cactcgtggt 961 
gcgaacttca acttcgacag ccgcctcgcc gaacaaacco tgotgaaata cggtatcaac 1021 
taccgccatc aggaaatcaa accgcaagcg tttttgaatt cacaatttaa aattgaagat 1081 
aaagaaaaag caactgatga agagaaaaat aagaaccgtg aaaatgaaaa aattgccaaa 1141 
gcctaccgtc tgaccaaccc gaccaaaacc gatgccggcg cgtatatcga agccattcac 1201 
gagattgacg gctttaccct gaccggcggg ctgcgttacg accgcttcaa ggtgaaaacc 1261 
cacgacggca aaaccgtttc aagcagcaac cttaacccga gtttcggcgt gatttggcag 1321 
ccgcacgaac actggagctt cagcgcaagc cacaactacg ccagccgcag cccgcggctg 1381 
tatgacgcgc tgcaaaccca cggcaaacgc ggcatcatct cgattgccga cggcaccaaa 1441 
-gccgaacgcg cgcgcaatao cgaaatcggc ttcaactaca acgacgggac gtttgccgcc 1501 
aacggcagct acttctggca gaccatcaaa gacgcgcttg ccaatccgca aaaccgccac 1561 
gactctgtcg ccgtccgtga agccgtcaac gccggctaca toaaaaacca cggttacgaa 1621 
ttgggcgcgt cctaccgcac cggcggcttg actgccaaag tcggcgtaag ccacagcaaa 1681 
ccgcgctttt acgatacgca caaagacaag ctgttgagcg cgaatcctga atttggcgca 1741 
caagtcggcc gcacttggac ggcttccctt gcctaccgct tccaaaaccc gaatctggaa 1801 
atcggctggc gcggccgtta tgttcaaaaa gccgtgggtt cgatattggt ggcaggtcaa 1861 
aaagaccgca acggcaaatt ggaaaacgtt gtacgcaaag gtttcggtgt gaacgacatc 1921 
ttcgccaact ggaaaccgct gggcaaagac acgctcaatg ttaatctttc ggttaacaac 1981 
gtgttcaaca cgttctacta. tccgcacagc caacgctgga ccaataccct gccggacgtg 2041 
ggacgtgatg tacgcttggg cgtgaactac aagttctaaa acgcacatcc cgaaaaaatg 2101 
ccgtctgaaa gcctttcaga egg 
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FIGURE 5 
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Sequence a*. 892257 
Sequence 3 : 2996 
Sequence «: K44/76 



1 - 592 
1 - 697 
I - 690 



I 69*. aat 

t 692 aal 

( 697 aai 

t 69e aal 



94% 
92% 
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BHD • NGCKTVPYSALDKRSr/lA 




ElCLOAHAyVI£iaClYSAOOKDNCYAGNVICCPNirrRZATaSKNn<FDSfUJ^Eg^^ 

S SCT T..CA 



E SCT. 

FLNSEFEIKDKEKATMEEKK 



'RSSEKXAKAYRLT NP -i K .TUT G AYIEAIHE 



K.S.PTT- .KNGQOVA -.PADQOAKO.KD.ALVKS 

. . . .K.S. P.T. . .NCQKVDKPWEQOK.D -•-.AD.DTVB. .K.S V.V,. .,D 



rCKSrrtTCCLayORFKVKTKOCICtVSSSSUfPSFCVZHQPBSlWaFSASBIiyAGM 

:«::::::::::;:::::::::::::::S:::::::::::S::::::::::::|:::::::::::::::: 



XXSrAOGTKAeaAIWTSIGTSfVllOGTPAMlGSyFAaTIie&ALAKPQNRI^ 



^GASYRTGGLTAlCVGVsaSlCPRPWniKDXU^SAIIPePQAQVGR^ 

Q • 

PIC o-..: 

VeSZLAACQXDRDCiaEMVVaQSFCmmVPANWiCPLCXSTXJIVNX^VNN^ 

V N K I NT D- 

i::::r::::::S:«::::::J::::::::::::::::::"::::::::::!r:::::::::x 
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FIGURE 7 
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RoCecence molecule: H44/'76 



Sequence 
Sequence 
Sequence 
Sequence 
Sequence 
Sequence 
Sequence 



2: 
3: 
<: 
S: 
6: 
7: 
8: 
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8*70446 
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K990 
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